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DESCRIPTIOH 



METHODS AHD CPMPOSITIOMS FOR THF 

SUPPBESSIOM OF HeummhitD TBAMSFORMflnnw 



BACKBROUWD OF THF IMVFffT'^f" 

Tte present api^cation is a continuation-in-part of co-pending U.S. Patent 
Application Serial No. 08/162,406 ffled December 3. 1993. The entire text and figures 
of the abovB-referenced disclosure are specifically mcorporated terein by reference 
without (fisclaaner. 



1^ A. Raid of the Inwentinn 



10 



Tte present mvention relates to methodology and associated genetic constructs 
for the suppression of oncogenwnediated, transformation, tumorigenesis and metastasis. 
In particular, this invention relates to the suppression of oncogaiesis that is mediated by 
20 the HER-2/c-fi«ft B-2l/m oncogene, an oncogene which has been correlated with a poor 
prognosis of breast and ovarian carcinoma in humans. 

B. Background of tha Related Art 

25 During the last decade, a number of hunan malignancies have been discovered to 

be correlated with the presence and expression of "oncogenes" in the human genome. 
More than twenty iBfferent oncogenes have now b^n bnplicated in tumorigenesis, and 
are thought to play a ifirect role in human cancer (Weinberg, 1985). Many of ttese 
oncogenes apparently evohn; through mutagenesis of a nomial ceUular counterpart, termed 
3p a "proto-oncogene", wluch feads to either an altered expression or activity of the 
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expression product. There is ccnstderabie data linking proto oncogenes to cell growth, 
including their expression in response to certam proliferation signals (see, 8.ff., Campisi et 
al., 1983) and expression during embryonic development (Mulier et al., 1982). Moreover, 
a number of the proto-oncogoies are related to either a growth factor or a growth factor 
5 1 receptor. 

The c-fif*B gme mcoitos tl» eptdnmd growth factor receptor (EGFrt and is 
highly homologous to the transforming gem of the avian erythroblastosis virus 
I (Downward at al., 1984). The c-«*B gene is a member of the tyrosine-specific protein 
10 1 kinase family to which many proto-oncogenes belong. The c-flKftB gene has recently been 
I found to be similar, but distinct from, an oncogene referred to variously as t-erb^l, HER- 
I 2 or neu oncogene (referred to herein simply as the nau oncogene), now known to be 
intimately mvoWed in tim patlwgenesis of cancers of tte human female breast and genital 
tract. 
15 

Tl» nau oncojpne, wtwA encodes a pi 85 tanor antigen, was first identified In 
transfection studies in which NIH 3T3 cells were transfected with ONA from chenticany 
mduced rat neurogtioblastomas (Shih at al., 1981). The pi 85 protem has an extraceflular, 
transnwnArane, and tntrsceflular domain, and therefore has a structure consistent with 
20 that of a growth factor receptor (Schechter at al., 1984). The human nau gene was first 
Isolated due to its tomology with v-««ftB «id EGF r probes (Senba et al., 1985). 

Molecular dorwig of tin transfomnig im oncogero and Its normal cellular 
counterpart, the nai proto^»ncogale, indicated that activation of tte nau oncogoie was 
25 due to a single pooit imitatKin resulting from one snino add change in tte 

transmanbrane domam of the nau ntcoded pi 85 protein (Barjpnann at al., 1986; Hung et 
ah. 1989). 

The nau oncogene is of partiodar unportance to medical science because its 
30 presence is correlated with the incidence of cancers of the human breast and female 
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genital tract. Moreover, amplification/overexpresston of this gene has been directly 
correlated with relapse and survival in human breast cancer (Slamon et al., 1987). 
Therefore, it is an extremely important goal of medical science to evohre mformation 
regarding the neu oncopne, particularly infomration that could be appfied to reversing or 
suppressing the oncogenic progression that seems to be elicited by the presence or 
activation of this gene. Unfortunately, Bttie has been previously known about tiie manner 
in which one may procaml to suppress tin oncogenic phenotype associated with the 
presence of oncogenes such as the neu oncogme. 

10 An extensive body of research exists to siqjport the invohrement of a muWstep 

process in the conversion of normal cells to the tumorigenic phenotype (see, e.g^ Und Bt 
al., 1983). Molecular models supporting this hypothesis were first provided by studies on 
I two DNA tumor virases, adenovirus and polyomavirus. In the case of adenovirus, it was 
i found that transformation of primary cells required the expression of both the early region 
15 1A lElA) and IB (ElB) genes (Houwenng et al.. 1980). It was later found that the ElA 
gene products could cooperate with middle T antigen or with actWated Wm gene to 
transform primary cells (Ruley, 1985). These observations suggested that the 
invoWement of multiple functions in the transformation process, and that various 
oncogenes may express mSm functions on a cellular tevel. 
20 

The adenovirus ElA gene codes for several related proteins to which a number of 
interesting properties have been attributed. In addition to its ability to complement a 
second oncogene in transformation, a dosely related function aOows ElA to immortalize 
j primary cells (Ruley, 1985). For example, introduction of ElA gene products into primary 
2$ ceOs has been shown to provide these ceDs with an unfimited pranferative capacity when 
1 odtured in the presence of serum. 



Another mteresting action of ElA fraction b so-called "»»/wactivation", wherein 
ElA gene products stimulate transcription from a variety of v^ and cdhiiar promoters, 
3p tnchiding the adenovirus early and major late promoter. However, frsflj activation is not 
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universal for all promoters. In some Instances, El A causes a decrease In transcription 
from cellular promoters that are linked to enhancer etements (Haley et d., 1984). 
Recently, it has been shown that exogenously added El A gene can reduce the metastatic 
potential of /w-transfonrad rat anbryo fibroblast celts by activating tin cellular NM23 
gene that is associated with a lower metastatic potential (Ponatti et al.. 1988; Waffich 
Btal.. 1985): 

The ElA gena products are referred to as the 13S and 12S products, in 
reference to the sedimentation value of two mRNAs produced by the gene. These two 
10 mRNAs arise through ififferential splicing of a common precursor, and coda for related 
proteins of 289 and 243 amino adds, respectively. The proteins differ internally by 46 
amino acids that are unique to the 13S protein. A number of ElA protein species can be 
resohfed by PAGE enalysis, and presumably arise as a result of extensWe posttranslational 
modification of the primary translation products (Harlow at al., 1985). 
15 

Another viral oncoprotein, the SV 40 large T antigen (LT) shares structural and 
functional homology to ElA and t-myc (Hgge at al.. 1988). LT, ElA and tmyc have 
transfonning domains which share amino acid sequence homology and similar secondary 
structure (Hgge et al., 1888). All three proteins complex with the timwr suppressor, 
20 retinoblastoma gene product (Rb) (Whyte et al.. 1988, DeCaprio at aL. 1988, Rustgi at 
al., 1991), and the Rb binifing domains of LT and ElA coincide with their transfonning 
domains. Based on tlss similarity, it has been thought that LT and ElA transform ceOs 
by binding ceflular Rb and abrogating its timwr suppressor fimction. LT, ElA and z-myc 
are also grouped as Immortalization oncogenes as determined by tiie oncogene cooperation 
25 assay using rat nnbryo fBiroblasts (Weinterg, 1985). 

In spite of tfia similarity between the Rb binding domains of LT and ElA, the two 
proteins differ substantially in other regards. In fact, there is apparentiy only a short 
equrealent stretch of adific amino acids (Rgge at al.. 1988). This stretch lies between 
3D amino acids lOB-i 14 m LT and amino adds 121-139 in ElA. The large T antigen is 
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encoded by the simian virus 40, a niember of the polyoma virus family. In contrast. El A 
is encoded by adenovirus 5 virus, which is a member of the adenovirus family. LT is 
708 amino adds long, while El A is substantially shorter at 298 amino acids. LT has 
been observed to bmd directly to certain DNA secpiences, however. El A has not. LT 
binds with the tumor suppressors Rb and also with p53. El A complexes with Rb but not 
with p53. El A has b^ shovim to mduce apoptosis in cells, this has not been 
demonstrated for LT. 

Further, LT is an apparent anomaly in the sch«ne of oncopnic classification. 
1Q Oncocpnes are typically classified as being cytoplasnttc or nuclear oncogenes. However, 
LT, through the actiwis of a single (wotein, is abfe to introduce "nuctear" characteristics 
such as hnnortalization and "cyto|rfasinic" characteristics such as anchorage independence 
I in ceils (Weinberg, 1985). LT antigen can be found in both the nucleus and at the 
I plasma n«mbrane, and mutations that inMbit the transport of LT into tin nucinis appear 
15 to reduce its irenortalizino ability wide leavmg intact its effect on anchorage 

independence and its ability to transform already snmortalized cells. Conseijuently, this 
oncogeiw is considered to be a men^r of both the nuclear and cytoplasnuc oncogeinc 
classes, smce it smds its gene product to do work at two distmct c^ar sites 
(Weinberg, 1985). In contrast. El A Is known as a nuclear oncogene only. 

20 

Despite advances m identifying certam compoiwnts which contrftute to the 
devdo|m»nt of mafignaiciN, it is clear that the art stiD lacks effectivB means of 
suppressing carcinogaiesis. For example, thm a as yet no particularly successfid way 
of suppresang a&/ oncog«» activation or tte itevelo(m»it of various cancers, such as 
2^ those of the breast and genital tract, which are assodated witfi this molecular event 
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SUMMARY OF THE \rmunl^^ 

The present invention seeks to overcome ttiese and other drawbacks interent in 
tiM prior art by proviifing methods for the suppession of /7M^mediated raicogenesis. 
Certain aspects of the present hvention relate to the bwentors' surprising {fiscovery that 
m contrast to previous characterizations of the El A gem and the LT gene as behig 
nwohfed in promoting transformation, the El A and LT gene products can actually serve to 
suRwess not only the expression of ttw neu oncogene, but suppress tte oncogenic 
phenotypa which accomparaes iwu oncogene activation. Interestmgly, these two ^ 
10 products do so through different mechanisms. It is proposed that this exciting discovery 
oimis the door to novel approactes to the treatnent of neu oncogme-nndiated cancers, 
as weO as an improved understanding of the regulation of this oiKogena in particular and 
tin oncogenic phenotype in general. 

^5 i The prwent invention tlnis arises out of the mventors' surprising discovery that 

products of the ad«iovirus El A gene, a gem that is itself known to serve as en 
oncogene, can be effectively employed to suppress the transfonmhig capabiTity of the aeu 
oncogene. Acconfiigiy, tt» invention can be characterizni in a gnteral sense as relating 
to a nntlHid of suppressing nmi oncogene-mediated trawfonnation of a call, wfsch 
20 method ira^des introdudng an El A gene product mto such a ciA m a manner that is 
effective to suppress an oncog«uc phenotype, as indkrated by a reduction in 
transformnig, tunorigmic or nntastatic potential of the cell. 

The invention also arises out of the mventors' surprising showing tiiat introduction 
25 of LT antigrai mto cells leads to a sgnificant (Urease in tt» expr^on of no/ mcoded 
pl85. LT, Gke E1A and c-myc, represses tiie upstream regidatory sequences of aea. 
However, LT represses e tfiffermt region of the oea regulatory sequences cnnpared to 
El A and c-myc, suggesting LT affects neu expression through a (Efferent pathway. 
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Previous studies had shown that tte tumor suppressor, Rb, represses the activity 
of the itetf promoter (Yu et d., 1992). Since Rb was known to complex LT, the 
inventors investigated whether LT Rb complex mtght affect the LT-mediated neu 
repression. Surprisinofy, the inventors found that the Rb bntding domain of LT is not 
required for its function in repressing neu promoter, indicating LT can repress neu 
expression wHhout bindmg Rb. This indicates that LT and El A are not acting in the 
same manner. Moreover, a nontransfomnig mutant of LT IKl), capable of repressing the 
transforming activity of neu. has been discovered. Repression of neu by LT is. therefore 
independent of rts ability to complex Rb and to transform cells. Therefore, although El A, 
LT and t-wyc share a comnmi dnnain for transforaratkm (Rgge et al., 1988) and Rb 
binding (Whyte at al.. 1988; DeCaprio et al.. 1988; Rustigi at al., 1991), this domain, at 
least in LT, is not required for repression of the /wv promoter. This supports the 
observation that LT represses neu via a different pathway compared to El A and t myc. 

These results also show that K1, a LT mutant which is defective for both Rb 
binding and transformation, can function as a transformation suppressor of the activated 
neu oncogene. TWs finding allows for the development of tiierapeutic agents tiiat 
down-modulate neu expression m Inmian cancers. 

In general, in tfiat it is proposed tiiat the E1A gene products and LT are directiy 
responsible for the observed suppressions of the oncogenic phenotype, it is believed that 
the objects of tiie invention may be achieved by mtroduction of El A gene products or LT 
intraceBularly in any convenient manner, including, for example, vwus meifiated gene 
transfer, DNA transfection via calchmi phosphate or liposome methods, and even direct 
introduction of gene products by microinjection. It is proposed that metiuuis such as 
ti»se wiD work adequately, e^., where one Is seeking to study neu oncogene 
suppresaon. However, where a treatnwnt regimen '» contBmjriatBd it will Ekely be 
necessary to introduce ti» selected El A gene product or LT by intracellular introduction 
of a DNA segment which encodes tiie particular domain of tfw E1A protein or LT that is 
required for repression of neu. 
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In any event, since the El A gene products have been extensivefy characterized, 

i 

and the gene itself has been cloned (see, «^., Berk at a/., 1978), the itarting materials, 
i.e. the El A products and gene, are readily avaSable to those of skill in the art who 
desire to practice the invention. 

5; 

I LT tt also characterized and ti» gene has been dcned. The entire SV40 

nuclBotide nquence tt (fisclosed m the book Molecular Bhhgy of Tumor \rnses. Part 2, 
2d. ed., Tooze, J., Cold Spring Harbor Laboratory, Cold Sprmg Harbor, New York 11981), 
Appendix A, pp. 799-813. h) adcGtion to the genonvc sequence, Mtdecuiar Bmlogy of 
Tumor Viruses contains a map of SV40 landmarics inchiding tiu tocation of the large T 

i antigen witfiin the SV40 genome [p. 813). The references Rers et al., 1978 and Reddy 

I at al., 1978 ^o report tiie genetic nquences of SV40. "Rb ansio acid sequence of LT 
can be found fai Molecular Bmlogy of Tumor Viruses, pgs. 854 and 857-861. Various 
mutant of natrae LT have been described. For example, KaMeron et al. (1984) describe 
many LT mutations, wNch were tiw result of deletion and point mutations of tte nathre 

i LT gene. Tte relevant ffiinno add sequences of each LT nnitant reported in Kalderon 
at al ere contained in Teble 2 of that reference. By combating tte infonnation in 
Kalderon et al. (1984) witfi ti» sequence infomratim for native LT contfflind in Molecidar 
Biology of Tumor Viruses, the sequmce for any of tiwse mutants can be deternuned. All 
of tiw gaiomic and anmo add seqi^ces of native LT mi LT nwtants contaaied m tiie 
references cited in this paragraph are mcorporated by referoice in this ^edfication. 

Introduction of Gana Prmhiete 

Wtere tte gene itself is onployed to mtroduce tte gem products, a convenient 
method of introduction win te tiirough tte use of a recombaiant vector wtnch 
incorporates tte ttesmd ^ens, togstter with its assodated control sequences. Tte 
preparation of recnnbniant vectors is well known to tiiose of skiU m tiie art and 
described in many references, such as, for example, Sambrook et al. (1989). specifically 
incorporated terein by reference. 
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In vectors. It is understood that the DNA coding sequences to be expressed. In 
this case those encoding the /retf-suppressing gene products, are positioned adjacent to 
and under the control of a pronjoter. It is understood in the art that to bring a coding 
sequence under the control of such a promoter, one generally positions the 5' end of the 
transcription Initiation site of the transcriptional reading frame of the gene product to be 
expressed between about 1 and about 50 nucleotides "downstream" of (t& 3* of) the 
chosen promoter. One may also desire to mcorporate into ti» tramcriptional unit of the 
vector an appropriate polyadenylation site Ui^., 5' AATAAA n If one was not contained 
within the origmal inserted DNA. Typically, these poly A addition sitBS are placed about 
30 to 2000 nucleotides "downstream" of the coiSng sequence at a position prior to 
transcription termmation. 



15 



20 



25 



30 



While use of the control sequences of the specific gene iiJ. the El A promoter for 
E1A and the LT promoter for LT) wOi be preferred, there Is no reason why other control 
sequences could not be employed, so long as they ere compatible wHh the genotype of 
the cell being treated. Ttws, one may mention other useful promoters by way of 
example. Including, e.g., an SV40 eariy promoter, a bmg terminal repeat promoter from 
retroviras. an actin promoter, a heat shock promoter, a metallothionein promoter, and the 
Bke. 

For introduction of the El A or LT gene, it is proposed that one will desire to 
preferably employ a vector construct that wiS deBver the desired gene to the affected 
ceBs. This will, of course, generally require that the construct be delivered to the 
targeted tumor ceBs, for example, breast, genital, or lung tumor ceBs. It is proposed that 
this may be achieved most preferably by Introduction of the desired gene through the use 
of a viral vector to carry either the El A or IT sequences to efficiently Infect the tumor, 
or pretumorous tissue. These vectors wiD preferably be an adenoviral, a retroviral, a 
vaccinia viral vector or adeno-assodated virus. These vectors are preferred because they 
have b^ successfully used to defiver desired s«iuences to isHs and tend to have a high 
infection efficmncy. 
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Commonly used viral promoters for expression vectors are derived from polyoma, 
! cytomegalovirus. Adenovirus 2, and Simian Virus 40 ISV40). The early and late 

promoters of SV40 virus are particularty useful because both are obtaoied easily from the 
virus as a fragment vi/hich also contains the SV40 viral ori^ of repfication. Smater or 
5; larger SV40 fragments may also be used, provided there is included the approximately 
250 bp sequence extenifing from the Hind III site toward the Bgl I site located in the 
viral origin of replication. Further, H is also possible, and often desirable, to utBize 
promoter or control sequences normally associated with the desired gene sequence, 
provided such control sequences are compatible with the tost cell systons. 

10 

The origin of replication may be provided either by construction of tte vector to 
include an exogenous origin, such as may be derived from SV40 or other viral \iB.g.. 
Polyoma. Adeno. VSV. BPV) source, or may ba provided by the host cell chromosomal 
repHcation mechanism. If the vector is integrated into the host ceO chromosome, the 
15 latter is often sufficient. 

A particularty desirable vector, at least as a starting point is the El A containing 
j retroviral vector, termed pSVXElA G, described by Robert et al.. 1985. This vector 
I comprises tto El A gene which has been brought under the control of the SV-40 early 
20 promoter. For LT expression, tte pZ189 (driven by the SV-80 promoter) and the pVU O 
vectors both contam LT. LT mutants are contained in, for example, pKl and pK7 as well 
I as other vectors described by Kalderon et al. 1984. The inventors propose that these 

constnicts could wttor be used directly m tto practice of the mvention, or cotdd to used 
I as a starting pomt for tte mtroduction of otter more desnabte promoters such as ttese 



25 discussed above. 



3d 



A preferred metted of introducing tte El A gene to an animal is to mtroduce a 
replication^eficient adenovirus containing tte ElA gene. An exanqrie of such an 
adenovirus is Ad.E1A|+). Since adenovirus b a conmion virus mf acting humans in nature 
and tte ElA gene is a gene that b present in native edenovirus, tte use of a replication 
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defident El A virus to Introduce the gene may efficientiy defiver and express El A into 
target cells. The repfication-deficient El A virus made by ElB and E3 ddetion also avoids 
the viral reproduction inside the cell and transfer to ottwr ceils and mfection of other 
people, which means the viral infection acthrity is shut down after it infects the target 
cell. The E1A gene stifl is expressed inside tte cells. Also, unlike retrovirus, winch can 
only infect jroliferating cells, aitenovirus is able to transfer tl» E1A gene into both 
proliferating and noniiroliferating cePs. Further, the extrachromosomal location of 
adenovirus in tte infected ceils decreases tte chance of cefluiar oncogene activation 
within tte treated animal. While tte wfld-type adenovirus may te used dirertly to 
transfer tte El A gene into HLH-llneu expressing cancer ceBs, wild-type virus wfll produce 
large amounts of adenovirus in tte human tody and tterefore might cause potential side 
effects due to tfia replication competent nature of tte w3d type adenovirus. It is 
tiierefore an advantage to use the replication-deficient adsnovvus such as E1B and E3 
deletion mutant Ad.ElAl+) to prevent such side effects. In fact, many modifications in 
the native adenovirus will result in a modified virus that wiB te useful for tiie purpose of 
tte invention. Furtter modification of adenovirus such as E2A deletion may improve tte 
El A expression efficiency and reduce tte side effects. Tte only requirement of a nat'nre 
or modified adenovirus is that it should express an E1A gene in order tii have tin utffity 
of tte invention. 

Introduction of the adenovirus containing tte El A gem into a suitable tost is 
typically done by nqecting tte virus contaned in a buffer. 

One manner in which tte El A gene ttet is cont^d in an adenovirus can be 
used b by introducing an LT gene product mto such a cell as part of tin same tieatinent 
matted. Tte LT gene product can to an LT mutant especially a nontransforming mutant 
such as K1. Such introduction can typically mvohre tin mtroduction of an LT gene. In 
sonn preferred metiiods, the LT gem can be mtroduced by tin use of an adenovbus that 
contains teth tte El A gene and the LT gene. In this case, adenovirus is a preferably a 
replication-deficient adenovirus such as tte Ad.ElA(+) adenoviras. However, tiie 
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introduction of the LT gsne can be by any manner described in this specification or 
known to those of skSI in the art such as virat plasmid, retroviral vectors or liposomes. 

The present invention also provides particularly useful methods for introdudng 
yj^suppressing gene prochicts ffito cells. One method of in mo gene transfer which can 
lead to expression of genes transfected into cefls mvoWes the use of fiposomes. 
Liposomes can be for both m vhro and m mo trensfection. Uposome*n^ated gene 
transfer s^ms to have great potential for certain m mo apiriicattons in animals (Nicolau 
et bL, 1987). Studies have stown that mtravenousty mjected Eposorrns are taken up 
10 essentiatty in the liver and the s[rieen, by the macrophages of the reticuio^dotheSal 
system. The specific cellular sites of uptake of m^tmt Eposomas appears to be mainly 
spleen macrophages and liver Kupffer cells. Intravenous motion of liposomesfONA 
complexes can lead to the uptake of DNA by these cetluiar sites, and result in tte 
expression of a gene product encoded m the DNA (Nicbiau, 1983). 
15 

Tte inventors contemplate that neu-suppressing gene products can be introduced 
into cells using ii|Nis(mm-mediated gene transfer. It is proposed that such constructs can 
be coupted with liposomes and (gr»:tly introduced via a catheter, as describe by Nabd 
et al. (1990). By employing these nnthods, the neu*^ppres^g gene pn»faicts can be 
20 express effici^itly at a spedfic site ui mo, not pist tte fiver and spleen c^ wKch 
are accessible via intravenous miction. Therefore, thb invention also oiccmipasses 
cmnpo^ions of DNA constructs micoding a A£l^suppressing gene product formulated as a 
DNA/Epos(mie complex »id nmthods of u^g nich constructs. 

25 Liposomal transfection can be via Sposcmm cimqiosed of, for example, 

phosphatidylchofine (PC), phosphatidyberine (PS), cholesterol (Choi), A(-l1-(2,3- 
dioleyloxy)propyl^A^,A(*trimethyt^mm)nim chloride (DOTMA), 
dioleoylphosphatidytethanolmne (DOPE), and/or 3)8[/^-(yy-<&nethyianm)oethane)- 
carbannoyt cholesterol (DC-Chol), as well as other Gpids known to those of skill in the 
30 art. Those of skill m the art will recognize that ttere are a variety of Bposomal 
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transfection techniques which will be useful in the present invention. Among these 
techniques are those described in Nicolau Bt a/.. 1987. Nabei et al.. 1990, and Geo 
et al., 1991. The inventors have had particular success with liposomes comprisino DC- 
Choi. More particularly, the inventors have had success with Gposomes comprising DC- 
B Choi and DOPE which have been prepared foOowing the teaching of 6ao et al.. 1991, in 
the manner described m the Preferred Embodiments Section. The inventors also 
anticipate utiBty for liposomes comprised of DOTMA, such as those which are available 
commercially under the trademark Upofectin™, from Vical. Inc. (San Diego. CA). 

Uposomes may be introduced into contact with cefls to be transfected by a 
variety of methods. In ceil culture, the liposomes can simply be dispersed in the cell 
culture sohition. For application in mo, Hposomes are typically injected, bitravenous 
injection allow liposome-metOated transfer of DNA complex to the liposomes to. for 
example, the fiver and the spleen. In order to aflow transfecUon of DNA into ceils which 
are not accessible through intravenous injection, it is possibis to directly mject the 
Bposome-DNA complexes into a specific location in an animal's body. For example, Nabel 
at al. teach injection via a catheter into the erterial wafl. In another example, the 
inventors have used intraperitoneal injection to allow for gene transfer into mice. 

Tlw presntt mvention also contemfriates compositions comprising a liposomal 
complex. This liposomai complex wSI comprise e lipid componant and a DNA segment 
encocfing a /^e£^supprB$sinB gene. The /ifii^supprBssing gene employed in the Gposomal 
complex can be, for example, an LT gene or an El A gene, liposomal complexes 
comprising LT mutants may have certam advantages. These advantages may be 
particularty distinct when the LT gene encodes non-transforming LT mutant such as K1. 
An E1A gene encoding either tl« E1A 12S or E1A 13S gene product, or both, may be 
complexed with a lipid to form tin Gposomal complex. 

The Gpid employed to make the Gposomal complex can be any of tl» above- 
discussed Gpids. In particular, DOTMA, DOPE, and/or DC Chol may form aU or part of the 
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Gposomai complex. Tlw inventors have had particular success with complexes comprising 
DC-Chol. In a preferrBd embocBment, the lipid wiH comprise OC-Chol and DOPE. VIMe 
any ratio of DC Chol to DOPE is antidpated to have utiTity, it is antidpated that those 
comprising a ratio of OC ChohDOPE between 1:20 and 20:1 wiU be particularly 
5 ; adv^itageous. The inventors have foimd that ijusnms prepared frrnn a ratio of DC- 

1 ChohDQPE of about 1:10 to about 1:5 have been useful in the studies they have 
performed. In most rtudies, the inventors have used a ratio of ]J1 /mwl DC-ChoI:8.0 

1 mo\ DOPE. 

1 

i 

10 I The ivBsent mvention tiso comprises kits for the introduction of a aeu- 

\ suppressing gene product into a ceB comprising a /rflw-suppressing ONA/Iiposome complex. 

In that the inventors' studies have dnnonstrated that both the 12S E1A, 13S 
! E1A, and LT gene products are capable of suppressing iieu gme expression, it is proposed 
1 5 1 that one may employ any product or two or more together, m the practice of the 

invention. Of course, in that the 12S and 13S products are derived from essentially the 
same gene sequences, and are merely the result of differential splicing, where the El A 
gene itself is »n|doyed it win be most convn^ to sanply use tin wBd ty[» E1A gem 
directh^. However, it is contemplated that certain regions of either the ElA or the LT 
gene may be employed exdushreiy without employing the entire wfld type E1A or LT gene 
respectively. It is proposed that it wiQ ultimately be preferable to employ the smallest 
re^on needed to suppress tin am/ gaa so that or» is not introducing unnecessary DNA 
into cells which recehre either an E1A or LT gene construct This may especially be true 
j with regard to tin ratter large, 708 anino arid, LT protein. Tectaiques w^ known to 
25 j those of sidl m tte art such as tin use of rwtriction enzymes, writi aOow for tte 
I genwation of smaB regions of El A and LT. The abSty of tlnse regions to inHiit new 
can eas3y be determined by the assays report^i in the Examples. 



20 



30 



In general techniques for assessing the reduction in transforming, tumorigenic or 
metastatic potmtial are wdl known In tte art. For example, tte simplest assay is to 
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measure the tevei of ONA synthesis m treated versus nontreated cells, in that DNA 
synthesis is a good measure of ceil growth potential. Furthermore, the abifity of 
Uansformed ceils as compared to non-transformed cells to grow in soft agar has been 
widely employed as a measure of the transformation. Thus, either of these two assay 
techniipies may be convenientiy employed to assess the ability of the E1A or LT products 
employmi to suppress iwa oncognu nwcfiated transformation. 

A number of accepted assays are also availabie where one desires to assess 
suppression of im oncogenennediated tumorigenic or metastatic potential The most 
10 convenient indicator of tumorigenic potential, and indeed the most reliable, \iminnn 
assay employing nude mice, wherein the ability of treated cells to cause tumors in the 
mice is assessed. Nude mice may be similarly employed where one desires to zssasx 
metastatic potential, by determining the abity of treated ceDs to form metastatic 
nodules, for exami^, bi the hmgs of ex|»rimental mca. 
15 

In tfiat the iwentors have observed that ElA gene products and LT function 
through direct suppression of neu gene expression, the invention further concerns a 
method for suppressing neu gene expression or overexpression. In tiiese embodiments, 
the method includes introducsig an E1A gene product or LT into the affected caH in a 
20 manner effective to suppress tin ceHular bvei of tin neu pl85 transmendirane protem. 
Tha suppression of pl85 expression may be readBy assessed by a mimber of available 
methods, nchidrng most comreniBntly, electrophoretic gel analysis to determine a reduction 
in pi 85 levels. It is proposed tfiat the same means of introducatg tiw E1A gene, its 
products, or LT, w91 be an^cable bi tlose furtiar nnboAnents as i&cussed in 
2^ coniwction with the tr«sformatnn embodknents above. 
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Suppression of /igp-Maifiq^ nd QneoaanBsig 

Certain embodimeflts of the present invention conceni methods for suppressino 
neu oncogene^dieted transformation of a ceO comprising introduction of a 
5 1 transformation suppressing amount of an LT gene product into the ceil in a manner 
I effecthfe to suppress an oncogenic phenotype. Suppression of an oncogenic phenotype is 
i indicated by a reduction in the transforming, tumorigenic or metastatic potential of the 
j cen, which can be measured via tte assays described above, 
j 

ID j In some embodiments of the invention, new oncogene-mediated transfomiation of 

the ceil wfll be suppressed by an LT mutant wrtuch is nontransfonning. Examples of such 
nontransfomwig naitants are K1 and K7. 

Methods for introducing the LT gene product into the cell include the introduction 
15 1 of a DNA segment wrtiich encodes the LT gene product. In many cases, the DNA 

segment which comprises the LT gene wiO also comprise associated controlled sequences 
from the LT gene. Introduction of DNA segments which encode the LT gene product can 
be achieved by any of a variety of means known to those of skill in the art. However, 
the inventors anticipate the particularty good results might be echieved by the 
20 1 introduction of the DNA through a vector, or through the precisely described fiposome- 
I meifiated gene transfer technlipies. Of course, those of sklD wiH understand that other 
i methods of genetic transfer such as retrovirus vectors, adenovirus vectors, and adeno- 
associated virus vectors wiH also be usefid m regard to the present mvention. 

25 Plasmid vectors, viral vectors such as adenoviral, retroviral, polyoma, 

I cytomegaloviral and SV40 vectors are aO anticipated to have utility with regard to 
methods of the present invention. However, certain preferred embodiments w9i comprise 
the use of plasmid vectors comprising DNA segments which encode an LT gene product. 
Exemplary plasmid vectors comprise pZ189, pVU-0, pKI, pK7, pSV2l421. pSVdl423, 
30 psVdl425, pSVifl428, and pSVdl451. The pSVdl series of vectors is described in Sullenger 
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et al. (1990). An exemplary retroviral vector for use in regard to the present invention Is 
pBabe^neo (Morgenstem et al. 1990). 



Id 



15 



20 
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In certain preferred onboifiments of the present invention, the LT gene product is 
introduced into a ceH of a nuilti^»ilular organism. Typically, comnffirdai endwdiments of 
the invoition wOl mvoNe the introduction of the LT gene product mto maranals, since tin 
mananals encompass nwst comnierci^y important wmSs for both Gvestock and hedth 
purposes. Obviously, some of the most important embodonents of the invention wiH be 
those cfirected towards the suppression of /T«^nttdiated cancer n human beings. 

The methods of the present mvention will aflow for tin suppression of e variety 
of AeiHnediated oncogenic phenotypes. Examples of such phenotypes are: (1) the abifity 
to grow in soft agan (2) the abiGty to fonn fed; and (3) a transformed morphology. In 
preferred wnbodnnents of tl» invention, tte oncogerac phoiotypa wiD be cancer. 
Particular cancers against which the present tnvHition is anticipated to be most useful 
are any exhibiting yrwoverexpression, such as cancers of the human breast, ovaries, 
lungs, gastric system, oral mucosa, and prostate. The methods of the present invention 
wiO be ifirKted, in sone cases towards ti» sui^ssion of either the tumorigenic 
potential of the cefl, the metastatic potential of the cell, or a combination of both. 

C«tain smbodinnnts of tl» presoit invention cnnprise tin mtroduction of both 
tin LT entigoi ^ proAict and the ElA g«n product into tin sane c^. Both tfn ElA 
gene product and the LT ^ product tnve tin abity to nippress /7fi&.nsifiated cancer. 
However, the mventors have reported the surprwng utd unexpected fmtfing that ttnse 
two proteins nippress /7fliHnediated cancer oi ififferent manners. That eitinr ElA or LT 
suppresses nev-nndiated cancer is surprisuig in itself, smce both gene products are 
known to have their own transfomiing properties. However, the fact that ElA and LT 
employ (fifferent mechanisms to allow for suppression of /jannediated cancer would not 
at an be expected m view of the art. Owing to the facts that LT and ElA employ 
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different mechanisms of /7ffl^suppression, it wffl be possible to use both gene products in 
combination to doubly protect against /rnnneifiated suppression. 

In embodimOTts which can for the introduction of both an El A gerra product and 
an LT gene product mto the ima irapulatuin of ceBs, a typical manner of intfoAiction of 
each of the products wifl be through the introduction of DNA segments which encode 
each product These segnmits may be transf acted sinniltaneotBly, or at separate tintts. 
The transfection may occur through any of the vectors discussed above, through 
liposome-mediated gene transfer, or through any of the other n»thods of gene transfer 
knovm to those in the art. Any of the LT antigen gem products (Sscussed above will 
have utility In this embodiment of the Invention. For example, LT, Kl, and K7 are all 
anticipated to have utility when Introduced In conviction with en E1A gene imiduct. 
Exemplary El A gene products which wiU be loeful In ti» pment invention mchide El A 
12S and E1A 13S. Of course. It wSI also be possible to introduce tin ElA and LT 
products directly into cells, or to Introduce one protbict ifirectly and the other via DNA 
transfection, depending on the needs of a particidar cell. 

In sonn onbot&naits of the mvention, DNA segments encoding both an El A gene 
product and an LT gene product can be linked in the same DNA segment. Further, each 
of these gene products may be placed under the control of the sann set of regulatory 
sequences. In this maimer, nnultaneous transfection and expression of ElA and LT ^ 
products may be adneved. 

SiiH» somittamous transfection with ElA and LT win lead to two ty|»s of no/- 
suppression, it Is entidpated that tlie cim^ation mil i» particularty usefiri in preventing 
cancer. Tl» methods of ttese embocfimeits may be used to reduce the transforming 
potmtial, tumorigenic potential and/or metastatic potential of ceDs. 

FoBowing iong-stanifing patent law convention. tl» tenns "a" and "an" mean "one 
or more" wh«i used in this appficatlon. Including the damn. 
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DBfinitions ahd Teehniouia Afffect ino Gene Prnrfucts and Ganas 
El A Gena Products and Genas 

In this patent the terms "E1A gene product" and "ElA" refen to proteins having 
amino acid sequences which are substantially identical to the nathre E1A amino acid 
sequence and which are biologically acthre in that they are capable of binding to Rb, 
suppressing neu oncogene-mediated transfomiation, immortaliang cells, or cross-reacting 
with anti-ElA antibody raised against E1A, Such sequences are disclosed, for example, 
10 in Berk et ai, 1978. The tenn "E1A gene product" also includes analogs of E1A 
molecules which exlabit at least some biological activity in common with native El A. 
Furtherawre, those skilled in the art of mutagenesis wiH appreciate that other analogs, as 
yet undisclosed or undiscovered, may be used to constroct ElA analogs. Such analogs 
may be generated m the mannere described for the generation of LT mutants bi Kalderon 
15 et ai 11984). There is no need for an "ElA gime product" or "ElA" to comprise afl, or 
substantially all of the amino acid sequence of the native ElA gene. Shorter or longer 
seqinnces are anticipated to be of use in tin invention. 



201 



The term "ElA gene" refers to any DNA sequence that is substantially identical 
to a DNA sequence encoding an ElA gene product as defined above. The term elso 
refers to RNA, or antisense sequences compatible witii such DNA sequences. An "ElA 
geiM" may also comprise any combination of associated control sequences. 

The tenm "substantially identical", when used to define either an ElA amino acid 
25 setpmnce or ElA gene nucleic acid sequence, means that a particular subject sequence, 
for example, a mutuant sequence, varies from the sequence of natural ElA by one or 
more substitutions, deletions, or additions, the net effect of which is to retain at least 
some biological activity of the ElA protein. Aftematively, DNA analog sequences are 
"substantially identical" to specific DNA sequences disclosed herein if: (a) the DNA 
analog sequence is derived frwn coding regions of tin natural ElA gene; or (b) tfie DNA 
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I analog sequence is capable of hybridization of DNA sequences of (a) under moderately 
j stringent conditions and which encode biologicaHy active El A; or |c) DNA sequences 
I which are degenerative as a result of the genetic code to the DNA analog sequences 
defined in (a) or (b). Substantially identical analog proteins wiD be greater than about 
5 i 80% similar to the corresponcfing sequmice of the native protein. Secpienpes having 
1 lesser degree of sbnilarity but comparable biological activity are considered to be 
eqirivatents. in determining nudmc acid seiptaices, all subject nucteic add sequences 
capable of micoding substantially stmDar mim acid sequences are considered to be 
substantially similar to a reference nucleic acid sequence, regardless of differences in 
10 i codon sequence. 

IT Gene Products and Gaiibs 

In this patent the ternis "LT gene product" and "LT" refers to protrau having 
15 amino add sequences which are substantially kientical to tin native LT amnio add 
sequence and which are biologically active in that they are capable of buiding to Rb, 
suppressing nea onco^e-metfiated transforaiation, Hmnortafizing c^, mducing anclrarage 
inde(»ndaicy, or cross-reacting with anti-LT antBiody raised against LT. Such sequences 
are disclosed, for exanple, in Tooze - Md&xkr Btohgy of the Tumor Vkusas, Rers 
20 et al. 1978, and Reddy et al. 1978. The term 'LT gene product" also inchides analogs 
of LT molecules which exMiit at bast smne biological activity in conmion with native LT. 
Examines of such LT analogs are K1 and K7, wMch are defective for transfonnation of 
cefls (Kalderon et al., 1984). Many otter exan|dary LT analogs are disclosed m KaUeron 
et al. 1984, particulaily in Table 2. Furthennore, ttese skaied m the art of mutagenesis 
25 win appreciate that other analogs, as yet undisclosed or undiscovered, may be used to 
construct LT analogs. There is no need for an "LT g»n product" or "LF to comprise 
all, or substantially aD of tte amino add seqmnce of the native LT gene. Sterter or 
longer sequences are antidpated to be of use m the invention. 
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The term "LT gene" refers to any DMA sequence that is substantially identical to 
a DNA sequence encoding an LT gene product as defined above. The term also refers to 
RNA, or antisense sequences conipatfl)le with such DNA sequem:es. An "LT gene' may 
also comprise any combmation of associated contrd sequences. 

Tte term "substantially kimiticd', when used to define either an LT anmio add 
seqifflnce or an LT nucleic acid sequence, rmm that a particidar subject smpmnce, for 
BxmplB, a mutant sequence, varies from tha sequence of natural LT by one or mxB 
substitutions, deletions, or additions, the net effect of which is to retain at least sonra 
biological activity of the LT protein. Alternative, DNA analog sequeni^ are 
"substantially identical" to specific DNA sequences disclosed herein if: (a) tiie DNA 
analog seqi»nce is derived from coc&ig regions of tte naturel LT gens; or (b) the DNA 
analog s^uodce h capable of hybridization of DNA sequences of (a) rnid^ moderatety 
stringent conditions and which encode biologicaDy active LT; or (c) DNA sequences which 
are degei^rative as a resirit of the genetic code to tim DNA analog sequences defined in 
(a) or (b). SubstantiaDy ntentical analog proteins wffl be greater than about 80% snniiar 
to the corresponding sequence of the native protein. Sequences having lesser degrees of 
Clarity but comparable biological activity are c(mstdered to be equWalents. In 
determimng nucleic acid sequence, all subfect nuclmc add sequences capable of encoding 
substantially smular anuno ^d s^^nces are ccmsiitered to be substantially ^lar to a 
reference micleic add seqt^nce, regardless of differences in codon sequence. 

P^rmt $IPlgrrty 



25 



3d 



Percent sindarity may be determined, for exmnpte, by ctmiparing sequence 
Biformation using the GAP computer progrmn, ava&ble from ttw University of Wisconsin 
G^icist ComiRiter Group. The GAP progrem ut&es the alignment method of 
Needleman et aL, 1970, as revised by Snr»th et al., 1981. Brtefly, the GAP program 
defines ^Parity as the number of afigned symbols (£& nucleotides or amino adds) wtucb 
are similar, divided by the total mmiber of symbols m the shorter of the two sequences. 
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The preferred default parameters for tte GAP program include (1) a imitary comparison 
matrix (contaming a value of 1 for identities and 0 for non-identities) of nucleotides and 
the weighted comparison matrix of Gribskov Bt al., 1986, as described by Schwartz 
Bt at., 1979; (2) a [»nalty of 3.0 for each gap and an adcfitional 0.01 penalty for each 
symbol and each gap; and (3) no penalty for end gaps. 

Mucleic Add SmmBncM 

In certam onbodiments, the mvention concerns tin use of i7«tf-suppres»ng genes 
and gene products, such as the LT antigen gene product or the E1A gene product or 
both, that tnchida withm tirair respective seipiences a sequence wtnch is essentiaRy that 
of the known LT mti^n gene or El A gene, or tl» corresporafing proteins. The term "a 
sequence essentially as that of LT antigen or El A" nmans that tin sequence substantially 
corresponds to a portion of the LT antigen or El A gene and has relatively few ba%s or 
anino acids (whether ON A or protnn) wf»ch are not klenticd to those of LT or El A (or a 
biologically functional equwalent thereof, whan referrmg to proteins). The term 
"biologically functional oqwvalent" is wefl understood in the art and is further defined in 
det^ herein. Accon&igly, sequences wNch have betweoi about 70% and about 80%; or 
more preferably, between about 81% and ^out 90%; or even more preferably, between 
about 91% and about 99%; of vnno adds which are identical or functiwially eqinvalent 
to the anwio adds of LT oitigm or El A win be s«)uences which are "essentially tte 
sanw". 

LT antigen and ElA genes which have functionally equhralent codons are also 
covered by the invention. The term "hmctionally equhralent codon" is used herein to 
refer to codons that encode the same amino add. such as the six codons for arginine or 
serine, and also refers to codons tiwt encode biologically equvalent attfno adds 
(Table 1). 
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TABLE 1. FUNCTIONALLY EQUIVALENT CODONS 



1 Amino Adds 




Alanme 


Ala 


A 


6CA 


GCC 


GCG 


GCU 






Cystains 


Cys 


C 


UGC 


UGU 










Aspartic aai 


Asp 


D 


GAC 


GAU 










GhitaiiBc acid 


Glu 


E 


GAA 


GAG 










Phenylalanine 


Phe 


F 


UUC 


UUU 










Glycine 


Gly 


G 


66A 


6GC 


GGG 


GGU 






HistidinB 


His 


H 


CAC 


CAU 










IsoteuGine 


lie 


1 


AUA 


AUC 


AUU 








Lysine 


Lys 


K 


AAA 


AA6 










Leucine 


Leu 


L 


UUA 


UUG 


CUA 


cue 


CUG 


cuu 


li/lethionme 


Met 


M 


AUG 












Asparagine 


Asn 


N 


AAC 


AAU 










ProTine 


Pro 


P 


CCA 


CCC 


CCG 


ecu 






Glutamine 


Gin 


Q 


CAA 


CA6 










Argimie 


Arg 


R 


AGA 


AGG 


CGA 


CGC 


CGG 


C6U 


Seriira 


Ser 


S 


AGC 


AGU 


UCA 


UCC 


UC6 


UCU 


Threonine 


Thr 


T 


ACA 


ACC 


ACG 


ACU 






VaGna 


Vai 


V 


6UA 


GUC 


GUG 


GUU 






Tryptophan 


Trp 


W 


U6G 












Tyrosine 


Tyr 


Y 


UAC 


UAU 











i] It wffl atso b8 understood tfat ammo acid and raidac add sequences may indude 

j additional residues, such as addrtionai N- or C-tenrfind anmio adds or 5' or 3' sequences, 
and yet stiD be essentially as set forth in one of the sequences disdosed herein, so long 
as the sconce nmts the criteria ^ forth above, tnchnfing the maintenance of 
biological protein activity where protein expresdon is concerned. The eddition of terminal 
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I sequences particularfy appBes to ruideic acid sequences which may, for example, include 

i 

1 various non-coding sequences flanking either of the 5' or 3* portions of the coding region 
j or may inclucte various internal sequences, Le. introns, wWch are known to occur witlwi 
I genes. 

The present invention also nicompasses the use of DNA segments which are 
complanentarv, or essentially complementary, to the sequences set forth in the 
specification. Nucleic acid sequences which are "complementary" are those which are 
capable of base-pairing accorifing to the standard Watson-Crick complementarity rules. 
10 As used hereai, tin term "com|ri«naitary sequences" means nwdeic acid sequences wKch 
are substantially complementary, as may be assessed by the same nucleotide comparison 
set forth above, or as defined as b«ng capable of hybriifemg to the nucleic acid ^gment 
01 question under relatively stringent conifitiolu such es those described herein. 

15 Biologically Functional Eouivalents 

As mmtioned above, modification and changes may be made in t)m structure of 
El A or LT and stffl obtain a molecule having Eke or otherwise dasirabte characteristics. 
For example, certain anuno adds may be substituted for other am'no adds m a protem 
20 1 structure without appreciable loss of mteractive binding capadty. with structures such as. 
for example, the /^ffi^eene. Since it Is the mteracthre capadty and nature of a protein 
that defines that protein's btdoglcal functional activity, certain onmo acnl sequence 
substitutions can be made bi a protrai saqirence (or, of course, its underiying DNA coifing 
s«iumce) and nevwtheless ditain a protmi witii fike or evni cmintervaifing pro|»rties 
25 j (e^., antagonstic v. agon»tic). It n tinis contemidated by tin mventors that various 
changes may be made in the seipience of the El A or LT protdns or peptides (or 
underiying DNA) witiuut apivecrable loss of tlntr biological utifity or activity. 

It is also wen understood by the skilied artisan tiiat. Inherent In tiie definition of 
30 1 a biologically functional equivalent protein or peptide, is the concept tfiat there is a Knit 
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to the mimfaer of changes that may be made within a defined portion of the molecule and 
i\M result in a molecule with an acceptable level of equhralent biological activity, 
j BiologicaBy hmctional equivalent peptides are thus defined terein as those peptides in 
wfBch certain, not most or aO, of the nntno adds may be substituted. Of course, a 
5 j plurafity of ifistinct proteins/peptides with rGfferent substitutions may easily be made and 
used bi accordance with the mvention. 

It is also well imderstood that where certain residues are shown to be 
particularly mtportant to the biological or structural properties of a protein or peptide, 
10 j e.g., residues in active sites, such residues may not generally be exchanged. This is the 
case in tin present mvention, where it any changes in the As&-binding region of wther 
El A or IT that render the peptide incapable of suppressing /mnnediated transformation 
would result in a loss of utiBty of the resulting peptide for the present invention. 

15| Anmo acid substitutions, such as those which might be employed in motfifying 

either E1A or LT are generaBy based on tiie relative sinularity of tte amino add side- 
Cham substitijents, for example, their hydrophobidty, hydropWRdty, charge, size, and the 
Bke. An analysis of the size, shape and type of the amino add side-chain substitiients 
reveals tt»at arginine, lysine and hbtidine are an positively charged residues; that alanine, 
20i glycine and serme are all a similar nze; and that phenylalanine, tryptophan and tyrosine 
j all have a generally similar shape. Therefore, based upon tiisse considerations, arginine, 
lysme and l&tkGne; alamne, glycine and serine; and phenylalanim, tryptophan and 
tyrosine; are defoied Imm es biologicaOy functional equhralents. 

25| bi making such changes, the hydropathic mdex of onino adds may be considered. 

I Each anrnio add has been assigned a hydropathic index on tte basis of their 

I hydrophobidty and charge characteristics, these are: isoleudne (+4.5); vafine (+4.2); 

j ieudne (+3.8); phenylalanme (+2.8); cysteine/cystine (+2.5); nwrthionina (+1.9); alanine 

I (+1.8); glydne (-0.4); tiireonine (-0.7); serine (-0.8); tryptophan (-0.9); tyrosine (-1.3); 
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profine (-1.6); tustidine 1-3.2); gtutamate (-3.5); ghitamine 1-3.5); aspartate (-3.5); 
asparagina (-3.5); lysine (-3.9); and argiiune (-4.5). 

The importance of the hydropathk dmno acid index in conferroig interactive 
iMological function on a protem is goieraBy imderstood in tiw art (Kyte & Doc^ttte, 1982, 
incorporated herein by reference). It b known that certain amno acids nny be 
substituted for other ammo adds havmg a ssnlar hydropatNc index or score and stiH 
retam a sniaar biotogicai acthrity. In making changes based upon the hydropathic index, 
tiM substitution of anmo aculs whose hydropathic indices are within ±2 is inferred, 
those which are wittei ±1 are particularty preferred, and those withm ±0.5 are evai 
more particularty preferred. 

It is elso understood m the art that the substitution of like anuno acids can be 
made effectwely on the basis of hydrophllicity. U.S. Patent 4,554,101, Incorporated 
heran by refermce. states that the greatest local average hydrophllicity of e protein, as 
governed by tin hydrophfficity of its afTiacent amino acids, correlates with its 
inBramogerocity and antigaiicity, ie. with a biological property of the protan. It is 
imderstood that an nnino acid can be substituted for another havmg a smular 
hydrophSicity value and stfll obtain a btoio^cally equivalent protein. 

As detailed in U.S. Patent 4,554,101, the following hydrophiiicity vahtes have 
bron assigned to sreno add resiAies: arpiira (+3.0); lysine {+3M); aspartate (+3.0 ± 
^y. ghitamate (+3.0 ± 1); serine (+0.3); asparagine (+0.2); ghitamine (+0.2); glyone (0); 
threonine (-0.4); profim (-0.5 ± \Y. elanine ( 0.5); histidine (-0.5); cysteine (-1.0); 
methionine (1 J); valine (-1.5); tetam (-1.8); isoieudim (1.8); tyrosine (-2.3); 
phenylalanine (-2.5); tryptophan (-3.4). 



In making ctonges based upon mSlat hydrophfficity values, the siAstitution of 
anHno adds whose hydroplnfidty values are withm ±2 is preferred, those which are 
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wlthin ±1 are particularly preferred, and those within ±0.5 are even more particularly 
preferred. 

White discussion has focused on functionally equivalent polypeptides arising from 
amino add changes, it wffl be apprwiated that ttese changes may be effected by 
alteration of the encodhig DNA; taking Into consideration also that the genetic code is 
degenerate and that two or more codons may code for the same amino add. 

• Sepuence Mod ification Taehniq uB^ 



Modifications to the El A and LT peptides may be carried out usmg techniques 
such as site directed mutagenesis. Site-specific mutagenesis is a technique usehri in the 
preparation of imfividuai peptides, or biologicaliy functional equwalent protdns or peptides, 
through spedfic mutagenesis of the underlying DNA. The technique further provides a 
15 ready ability to prepare and test sequence variants, for example, incorporating one or 
more of the foregoing considerations, by introdudng one or more nudeotide sequence 
changes into the DNA. Site-spedfic mutagenesb ellows the production of mutants 
through the use of spedfic oligonucleotide sequences which encode the DNA sequence of 
the desired mutation, as weB as a suffident number of adjacent mideotides, to provide a 
20 primer sequence of sufffclent size and sequence complexity to form a stabte duplex on 
both sides of the deletion junction being traversed. Typically, a pruner of about 17 to 25 
nucleotides m tength is preferred, with about 5 to 10 residues on both sides of the 
junction of the sequnwe bdng altered. 

25' in general, the techniqua of site-specific mutagenesis is wefl known in the art as 

exonpTified by publications (Adefanan et a/., 1983). As will be appredated, the technique 
typically employs a phage vector which exists in both a single stranded and double 
stranded form. Typical vectors useful in site-directed mutagenesis indude vectors such 
as the M13 phage (Messing et a/., 1981). These phage are readily commerdaily avaBable 
30 and their use is generally well known to those skffled m the art. Doubte stranded 
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plasmids are also routinely employed in site directed mutagenesis which efiminates the 
step of transferring the gene of mterest from a plasmid to a phage. 

In general, site-directed mutagenesis in accordance herewith is performed by first 
obtaining a single-stranded vector or melting apart the two strands of a double stranded 
vector which includes within iu seqimca a DNA sequence wMch encodes the El A gene 
or the LT gene. An ofigomicleotide primer bearing the desired mutated sequence is 
prepared, generally synthetically, for example by the method of Crea et al. (1978). This 
primer is then annealed with the single-stranded vector, and subjected to DNA 
1 0 polymerizing enzymes such as £ «M? poiymerasa I Klenow fragment, in order to complete 
the synthesis of the mutation-bearing strand. Thus, a heteroduptex is formed wherein one 
strand encodes the original non-mutated sequence and the second strand bears the 
I desired mutation. This heteroduplex vector is then used to transform appropriate cells, 
I such as £ cdi cells, and clones are selected which include recombinant vectors bearing 

15 1 the mutated sequence arrangement. 

I 

I Kalderon at al. (1984) report several mutagenic methods which have proved useful 

in mutating the native LT gene. Specifically, Kalderon et al. teach deletion mutations by 
displacement-loop mutagenesis and by the random insertion of EcoRI linkers Into the LT 
20 gene. Further, point mutation by deletion^oop mutagenesis is taught. The reference also 
teaches screening procedures for determining the success of such mutations. The 
teachings of Kalderon et al. (1984) are incorporated by reference in this application. 

The preparation of sequence variants of the selected gene using site-directed 
25 mutagenesis is provided as a means of producmg potentially useful ElA, LT, or other nau- 
1 suppressing species emt is not meant to be Smiting as there are other ways m which 
sequence variants of these peptides may be obtamed. For exemple, recombmant vectors 
encoding the desired genes may be treated with mutagenic agents to obtain sequence 
variants (see, e.g.. a method descr&ed by Elchenlaub, 1979) for the mutagenesis of 
30 plasmid DNA using hydroxylamine. 
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Other Stnictural Equivalents 

In addition to tiw E1A and LT peptidyl compounds described herein, the inventors 
also contemplate that other sterically simOar compounds may be formulated to mimic the 
key portions of the peptiite structure. Such compounds may be used in the same manner 
as the peptides of the invention and hence are also functional equwalents. Ha 
generation of a structural functional equivatent may be aciveved by the techniques of 
modelling and chemical design known to those of skill in the art. It wifl be understood 
tint all such sterically similar constructs fall within the scope of the present invention. 



BRIEF DESCBIPTIDM OF THF nBflWlWRg 

FIB. 1A and RG. IB show El A gene product effects on the nm promoter: 

HB. 1A. Transcriptional repression of neu promoter by E1A ^na products. Rat-1 
cells were transfected with 5 ;/g of the paettfcoRI-CAT construct, which contains tte 
CAT gene driven by neu oncogene promoter containing 2.2 kb upstream DNA sequences. 
Lane 1, basal neu promoter activity (its relative CAT activity is defined as lOOH); lanes 
24, CAT activity after cotransfection with 10 //g of carrsr DNA pSP64 vector (102%, 
lane 2h ElA-expressing piasnnd pEIA (34%, lane 31; pEIApr, a plasmid containing only 
the El A pronwter (98%, lane 4). Tl» CAT activities of a reporter plasnni, RSV CAT, 
containing the CAT gene under the control of RSV LTR (10%, lane 5) were not 
significantly changed by cotransfection of 10 /yg of pEI A (98%, lane 6) or 20 ^ of 
pEIA (96%, lane 7). 

FIG. IB. Effect of various adenovirus eariy genes on neu promoter activity. The 
pffeuEcoRI-CAT was cotransfected with pSP64 vector or plannid expressing various 
adenovirus eariy genes, E1A, Elb, E2A, and E3, as 'mificated. The relative CAT activities 
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are as foDows: SP64. 100%; ElA, 35%, ElB, 97%, E2A, 99%, E3. 102%. RSV-CAT 
was used as a positive control. 

HG. 2A, FIG. 2B, FIG. 2C, FIG. 20, and FIG. 2E show transient expression from 
nea promoter with cotransfection with increasmg amounts of pElA (HG. 2A), pE1A-13S 
(RG. 2B), PE1A-12S (FIG. 20). and pElAdl346 (HG. 2D). A constant amount {5 pg) of 
tlw powftfoRI-CAT constnict was cotransfected into Rat i crts with 5, 10, 15, and 20 
//g of the test constructs. The total amount of the transfected DNA were kept constant 
by adding tlw appropriate amount of carrier ONA pSP64. The relative CAT activit»s 
without El A Panes 0 in RG. 2A. RG. 2B, RG. 2C. and RG. 20) are defhnd as 100%. 
The relative CAT activitiBs vnth 5, 10, 15 end 20 /yg of test constructs are as follows: 
ElA, 68%, 35%, 26%, 17%; EIA ISS, 72%, 48%, 38%, 24%; E1A-12S, 66%, 46%, 
28%. 21%; ElAdl346, 102%, 103%, 99%, 102%, (RG. 2E). Summary of the effects of 
(fifferent ElA nuitants on transient expression frwn tin nea prwnoter. Sctematic 
structures of tin potetns encoded by different ElA mutants are shown on tin bar 
diagram. Hatched areas represent the conserved protein regions of tin ElA products. 
Bar (fiagrans are not drawn to scde. 

RG. 3A aid RG. 3B siraw localization of ElA-responsive DNA elanent m the 
upstream regwn of nw immoter. 

RG. 3A: Schonatic maps of the /»& pnmwter 5' deletion constructs that were 
fiaed indhridually to tin CAT gene to create the plasmkis as Bidh»ted by tin names of 
tin restriction enzymes used for gnnrating tin constructs. 

RG. 3B: Level of mpression of the CAT gene ifirected by each of tin promoter 
fragmwrt constructs efter traiwfection of 5 //g of the plasirods into Rat-1 ceOs with 10 
/jq of cotransfected pElA (E) or carrief DNA pSPM (C). The names of restriction 
enzymes above each triplet assay refer to the constructs imficated in the maps. 
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FIG. 4A and FIG. 4B show dsrepression of neu by cotransfection of competing 
amounts of StiA-XhiA neu promoter fragments. 

FIG. 4A: Rat-1 cells were transfected with 5 ji/g of the proafcoRI-CAT piasnnds 
giving basal neu promoter actnity (lane 1); the repressed CAT activity afttf 
cotransfection with 5 //g of the pEIA b shown in lane 2. Plasmids fiSPMlS^Xho 
containing the StiA Xho\ neu promoter fragment cloned in pSP64 were cotransfected with 
p/7e&fc0R1CAT and pEIA. Lanes 3-6 show the competitive effects of increasing 
amounts (5. 10, 15, and 20 //g, respectwely) of pSP64/5/^^JrA/». Plasmids pSP64/R1.Jtt9 
contaowig the Eeo^\-Xba\ neu pmnoter fra^nt were also cotransfected virith 
pffe&fcoRI-CAT and pEIA. Lanes 7-9 show CAT activities from neu promoter by 
cotrensfecting 5, 10, and 20;ug of ^^VMm-Xba. respectively. The relative CAT 
activltiBS of lanes 1-9 are as follows: 100%, 32%, 27%, 31%, 58%, 79%, 38%, 31%. 
24%. 

I FIG. 4B: bnmunoblot for p185 protein in tiie cell lysates of SK BR-3 breast cancer 

I ceDs transfected by po«&£cd)V CAT. Seventy-five nticrograms of protein from each 

I sample was etectrophoresed on 7% SDS/PAGE gels prior to transfer on nttrocelluiose. 

i 

j Filters were blotted with tiie primary antibody mAb-3. Lane 1, lysates of SK BR-3 cells 
transfected with 5 ;/g of pEIA; lane 2, cotransfected with 5 ;/g El A and 20 //g of 

1 pSP64/RI-/A9l; lane 3, cotransfected with 5 //g of El A and 20 //g of ^SlPUlStu Xhtr, 
lane 4, lysates of SK-BR-3 ceOs after mock trmsfection. Tte protein size marker is 
shown on tin right. Tte anrow bidicates tte positmn of p185 proton. Tte p185 protein 
bands were scanned by Bio-Rad video denntraneter model 620 to determined tte rdative 
p185 protein Tte p1B5 protem level ki tte mock transfection sample a defmed as 

I 100% and tte relative amounts of pi 85 proteins m lanes 1-3 are 57%, 54%, and 89%, 
respectively. 

FIG. 5 shows removal of the ElA-nwdiated repression of neu by cotransfection of 
a 2(kner oGgonucleotide (SEQ ID N0:1) containing the consensus sequence. Rat-1 cells 
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were tranrfected with 3 //g of pflwftoRV CAT plasmids, gwing basal neu promoter 
activity flane 1); CAT actlvitY after cotransfection with 10 //g of pEI A is shown in lane 
4. Two micrograms of the 20-m8r double-stranded ofigonucieotide containing the 
consensus sequence (lane 2, Cons) was cotransfected with poevfcdtV CAT and pEIA 
(molar ratio of o!lgomenpfl«tffc(rRV CAT - 35:1), resulting in significant derepressioa* 
cotransfection of 2 //g of a 22-mer random nonhomologous ofigonucieotide with 
p0w£coRV-CAT and pEIA had no «gnificant iterepression effect (lane 3, None). The 
vahies for relative CAT activity are the average of three studies. The upper strand 
sequence of the synthetic 20-mBr oGgomideotide is shown at the bottom; the proposed 
10 ElA-respont&ig sequence is underfined. 

FIG. 6A, RG. 6B, FIG. 6C, and FIG. 60 show El A gene presence and protein 
production in cells. 

IBj HG. 6A: Southern blot analysis of NIH3T3. BIOA-M and their transfectants 

using an £eoH\-SsA El A DNA probe. 10 //g of genomic DNA from the bidicated cell lines 
were digested to completion with fccRI and SsA restriction endonucieasas and subjected 
to electrophoresis on a 1% agarose gel. The DNAs were transferred to Nitran' fiher 
paper and hybridized with the El A probe. The DNA markers are shown on the left. 
20 

FIG. 6B: bnnunoblot analysis for El A proteins in the cell lysates of tin mdicated 
cefl Gi»s. 50 jig of each sanide were dectrophoresed on 10% SDS-PAGE prior to 
transfer to nitroceBulose. Rtters were incubated with the prmiary antibody M73 against 
El A, obtained from Dr. LS. Chang of Oho State Umversity. The protein molecular 
25 waght marker and the position of El A imtnns are shown on the right 25 //g of CeB 
lysate from 293 ceOs was used as a |»sitivB control. 



RG. 6C: branunoblot anaiyas for tin nea encoded pi 85 protein in the cell lysates 
of the indicated eel) fines. The studies were performed as descrBjed in section (RG. 68) 
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above. The pranary antibody was mAB-3 against pi 85, purchased from Oncogene 
Science Inc. 

FIG. 6D: Southern biot andyns of the mificated ceil Bnes uang rat neu DNA 
probe. The stuifes were performed as isserlmA in section (RG. 6A) above. The DNAs 
were digestml with BaiM restriction endonudease. 

RG. 7A, FIG. 7B, FIG. 7C, FIG. 70. RG. 7E. and FIG. 7F show morphologic 
effects of ElA expression in ow-transformed B104-M cells: (RG. 7A) B104-M; |RG. 
10| 7B) B-ElApn {RG. 7C) N EIA-I; |RG. 7D) B-ElA l; (RG. 7E) B.E1A-2; IRG. 7F) B-ElA-3 
(Maprfication: 130X). 

RG. 8A and RG. 8B show E1A effects on DNA synthesis. 



15 



20 



25 



FIG. 8A: (•'HI ThynMne hicorporation of tte inificated cell lines. 9 x lO^ cells 
were plated in 96 weH midthivell plates and cultured m Dulbecco's modified Eagle meifium 
supplemented with 10% calf serum for 16, 40 and 64 hours. Cell receded a 2 hour 
pulse of 1 ;/Ci I^Hl thymidina per well to label those that were synthesizing DNA prior to 
harvest. Radloacthrities of mtfividual sanples were counted by sdntiHation counter. 
Avera^ c|»n counts were calcuiated from repficated sample. 

RG. 8B: Anchorage mdepenttent growth of ElA transfmrted B104-M and NIH3T3 
cells. 1 X 10^ cells were plated m 0.35% soft agar over a 0.7% agar lower layer. 
Cohmies were counted after 4 weeks. A typcal plate and the mean of triplicate samples 
phis or irmtus the standard error of the mean are shown for each group. 

RG. 9A and RG. 9B stow the effects of a tumorigenicity study. 



I RG. 9A: Summary of tumorigenicity of B104-M, NIH3T3 and their transfectant. 

3D, 1x10^ viable celts were injected subcutaneously mto right and left flanks of female 
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homozygous nyinu mice, respectivety. Tumor fomYation was scored at indicated days as 
presence or absence of a visible tumor mass. Sbcteen days after inaction, tumor volumes 
were estimated as the product of tri dimensional caliper measurements (longest surface 
length and width, and tumor thickness). N.D.: not detectable at the time of evaluation. 

5 

FIG. 9B: A representatwe result of tunumgcnicity study. From right to left: the 
an&nals were injected with B104-M, B-ElA-2 or NIH3T3 ceOs 18 days prior to the 
photographmg data. 

10 ' FIG. IDA, FIG. lOB and FIG. 10C1, FIG. 10C2, FIG. 10C3, and FIG. 10C4 show 

El A inhibition of Affi^transfonned cells. 

i 

{ FIG. IDA: El A gene products inhibited the ceO motffity of the /7«&-transfonnad 

3T3 ceils. N EIA: NIH3T3 ceOs transfected with E1A; B-neo: B104-M cells transfected 
15 with neomycin reastant gene; B-E1A-1 to 5: five independent cell Enes generated by 

transfect'mg E1A geiM mto B104-M cdls. The motility assays were carried out by using 
a transwell unit with 5 //m pore she polycarbonate filter in 24 well cluster plate 
(Costar). Lower compartnwnt of the transweU contaowd BOOfAoi one of the 
chemoattractants: 20 fm fibronectin (FN) or 100 //m FN dissolved in DMEM/F12, or 
20 hepatic endothelial cell conditioned media (HSE), or DMEM/F12 ntedial only as negative 
control. The cells (3 x 10^/0.1 mi in DMEM/F12) were plated m the upper compartment 
and incubated for 6 hours at 37° C in a tnmmfified 5% CO2 atmosplnrB. After tte 

1 

j incubation, the filters were fixed with 3% glutaraldehyde m PBS buffer and stmned writh 

j Geimsa. ach sample was assayed in tripGcate and ceO motity was n^asured by 

25 I counting tte number of celts that had migrated to the tower side of the filter. At least 

j four HPFs were counted jrar fBter. Tte number of cells migrated to DMEM/F12 has teen 

; deducted from each sample to einninate the background and afl tte assays were done in 

I triplicates. 
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RG. 1 OB: El A gene products habited the invasiveness of the /rw-tfansfonnBd 
3T3 cells. Tte assay of in vitro invasiveness was done basically as described by Albini 
et al, 1987 and Repesh, 1989. The basement mendirane pfeparation, matrigel, was 
purchased from Collaborative Research, Inc. Hhers m the transweS imit [zma as used m 
motility assay) were coated with 0.1 mi of 1:20 (Qution of matrigel in DM0M/F12 metfia. 
Lower compartment contained 0.8 ml of HSE as clwnoattractant or DMEM/F12 as 
negative control. The ceDs (5 x 10^/0.1 ml in DMEM/F12) were plated in upper 
compartment and incubated for 72 hours at 37'C in a hunidified 5% COj atmosphere. 
Cefis were fixed, stamed and counted. AD the assays were doi» m tri|riicate and assays 
1(| were repeated twice. 

FIG. IOC: Gross appearance of hmgs from the ndce injected with B-neo cells IFIG. 
10C1). N-E1A cells (FIG. 10C2). B-ElA-1 cells (FIG. 10C3), and BElA-2 ceBs (FIG. IOC*); 
El A gene products inl&ited the huig coloniiation of i^etf-transfomttd cells. See tegend 
15 for Table 2 for metlHidologtcal detaUs. 

FIG. 11A and HG. 11B show that El A suppresses neu mAueaA tumor fonnatfon 
and metastasis m mo in nude mice. 

20 RG. 1 1 A: Top, animal mjected with B104-M calls, a im oncogene transformed 

NIH3T3 ceO One; Bottom, animal injected with B-E1A2 ceBs, im E1A transfectant of 
B104-1-1. Photo^aphs were taken 18 days after auction, and mults are 
representative of otiwr tumorigenicity studies. 

25 FIG. 11B: Left, gross api»arance of ttrngs from jmx injected witfi B104-M cells; 

Right, gross eppearance of hmgs from mice bijected with tte El A transfected ceBs. 
B-E1A2. Mice were inoculated with 1 x 10^ ceUs/O.lml in PBS via the lateral ta! vein 
at day 0. and were sacrificed 21 days after mjection. The numbers of hmg tumor 
nodi^ were detemmed following infBtration with India ink, only those hmg nodides 
3(j greater than 1mm in dianeter were counted m the assay. 
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FIG. 12A, FIG. 12B, and FIG. 12C show the molecular characterization of the ipl, 
E1A and ipLEfs transfectants described tn Example IV. 

FIG. 12A: tfnnuinoblot anaiyss of El A proteins in the ceH lysates of the imficated 
ceil fines. SeventY-five mg of proteins from each sample were subjected to 
dectrophoresis on 10% sodiun dodecyi suffate^ralyacrylanHde gd prior to transfer to 
nitroceftAwe. Filters were incubated with tf« prknary antfliody M73, wrtsch recognizes 
El A proteins. The position of the El A protems are indicated to the left of A. 

10 FIG. 12B: inmunoblot enalysis of the c-eri/R-Tlneu-mtitiBi p185 protems in the 

ceil lysates of the indicated celt Hnes. Seventy-five mg of proteins from each sample 
were subjected to electrophoresis on 10% soifiinn dodecyi sulfate-i»lyacryiamide gel prior 
to transfer to nitrocellulose. Filters were incubated with the primary antibody e-nea-Kb-Z 
against pi 85. The position of the pi 85 proteins are hKficated to the left of B. 



15 



20 



H6. 12C: Southern blot analysis of DNAs from the ipLEIA and ipLEfs 
Uansf octants. Ten mg of genomic DNA from indicated cefl lines were hybridized with the 
full-length c-erbB-2lnsa cDNA probe. DNA maricers are shown to the right. 

FIG. 13A, R6. 13B, and FIG. 13C show the reduced growth rate of the ipLEIA 
transfectants versus control IpLEfs cells, the decreased [^Hlthymidme Incorporatktn by 
the ipI.EIA transfectants versus control ipLEfs cells, and agnificantiy mhOiited cdony 
formation for the ipLEIA transfectants verais craitrol ipl Jfs cells, reflectively. 



251 FIG. 13A: reduced growth rate of the iplXIA transfectants versw control ipLEfs 

cells. Tte m vftro growtii rates of the ceD Ones were assessed by measuring mcreases in 
cell number with the MTT assay (Alley et at., 1988). CeDs (2 x lO^/well) were plated fai 
9B-well culturB [dates m 0.2 ml of culture medhim. A total of 5 plates (9 w^/cefl 
ene/plate) were used. One of tiie plates was analyzed at 24'hour intervals after the 
adcfition of 40 a/I MTT (Sigma Chonical Co., St Louis, MO) stock solution (1.25 mg 
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I MTT/ml of phosphate-buffered saline) to each well on the plate. CeOs were Incubated at 
37^0 for 2.5 hours, the madium was aspirated, and the ceils were lysed m 100 fA of 
dimethyl sulfoxide. Conversion of MTT to formazan by mataboIicaOy viable ceOs was 
j monitored by a Dynatech MR 5000 fluorescence micraplate reader at a wavelength of 
i 450 nm. Results were analyzed by regression malysis. Each study was reiwated for 
each cell bw at least twice. 

FIG. 13B: decreased f^HfthynBdine incorporation by the ipl.EIA transfectants 
versus control ipl.Efs cells. For this assay. 10 replicated cefl saiqiies were plated into 
OB-well plates at a density of 8 X 10^ cells/weO in culture mei&m. [^HIThymldine (1 
/yCD was added to each well at 24, 48, and 72 hours, respactively, virith continuous 
incubation after each addition for 12 hours at 37'C. Cells were harvested, and ceflular 
DNA was bound to fiberglass filters. The radioactivity of each filter was counted with a 
scmtfllation counter. Average cpni were calculated from ten refute samples. 

RG. 13C: significantly inhibited colony formation for the ipl.EIA transfectants 
versus control Ipl.Efs ceOs (P < 0.01)." Soft agar assays were performed as previously 
described (Matin et of.. 1990). Cells (1 x lo^ ceflsM were plated m a 24-wefl plate 
in culture medium containing 0.35% agarose (BRL, Gaithersburg, MO) overlying a 0.7% 
agarose layer. The cells were then incubated at 37''C for 5 weeks, after which the 
plates were stained with /^^odonitrotBtrazoB^fln violet (1 n^/mi) for 48 hom at 37"C. 
Colonies greater than 100 /mi were counted for each dish and ceB foe. The numbers of 
soft agar colony are stown m the figure. Studies were repeated four times for each ceil 
foe. 

FIG. 14A and FIG. 14B show the El A suppressed tirnior formation by 
c-»*B2-iow-overBxpressing ovarian cancer ceOs and tiie longer survival of noce ghfoi 
injections of ElA-exprossmg ipLEIA ceils versus mice groen injections of ipl.Efs human 
ovarian cancer cdls. 



wo 95/16051 



PCT/US94/13868 



• 38 ■ 

FIG. 14A: ElA suppressed tumor formation by c-fi/*B2-//7fftf-overBxprBssiiig ovarian 
cancer cells. Four to 6-week-old athymic female homorygous nu/nu mce were purchased 
from the Animal Production Area, National Canter Instituta-Frederick Cancer Research 
Facility (FrBderick, MD) or from Harlan Sprague Dawley. Inc. (Indianapofis, IN). The care 
and use of the animals was in accordance with hstitutional guideimes. For 
tumorigenicity assays, cells in logi)hase growth were trypsinized, washed twice with 
phosphate-buffered saline, and centrifuged at 250 x ^. The viable ceils were counted; of 
those, 3 X 10^ cells in 0.1 ml of phosphate^iuffered safine were injected subcutaneously 
(s.c.) into both the rij^t and left flanks of female mice under aseptic conditions. Timor 
10 vohimes were estimated as the product of three-i&naisional caBper nraasurai^s 
(longest surface length and width; tinnor tWckness). Tte growth of tunmrs was 
monitored for a minnnum of 80 days and a maxknum of 160 days, as shown by tim days 
mdicated m the figure. 

15 FIG. 14B: longer survival of mice given injections of ElAexpressing ipI.EIA cells 

versus mice gWen in^tions of ipl.Efs hirnian ovarian cancer ceils (P < 0.01). To 
assess the formation of malignant ascites after i^i. apction, suspmsions of c^ 
(harvested as above) at concentrations of 1 x lo^ in 0.2 nrf of Hank's balanced salt 
solution were mjected i.p. into mifividual female mice. In two stirfies, totals of 
20 m'ne mice for the ipl.Efs line, eight mice for the ipI.ElAI fine, and nine mice fore the 
ip1.E1A2 Bra were given inactions. Mice were Initially observed twice a week for signs 
of tumor development end ttoi daSy wiwn any or aO of the following tumor symptoms 
appeared: abdominal bloating, loss of subcutaneous fat hunched posture, and decreased 
movenwit. Mice were kiled when they appeared morSiund or, ^dgmg from the inventors 
25 previous exinrience, woidd not survive more than 24-48 hours. Symptmn-frre mice were 
killKl 120 days after inaction. Autopsies were jwfomied on all nice kiHed.. Similar 
results were obtained from the two studies, and results were combined for analysis. 

RG. 15A, FIG. 15B. and RG. 15C show expression of /rw^encoded pi 85 and LT 
30 in B104-M cells stably transfected with plasmids encoding LT. 
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FIG. 15A: Immunoblotting for anthplBB of whole cell lysates from B104-M 
ceDs stably transfected with LT: BTnIB (lane 1), BTnl4 (lane 2), BEn5 (lane 3) and NIH 
3T3 (lane 4) ceil fines. Following transfer to nitrocrilulose, the blots were probed with 
monoclonal anti-pi 85 antibody {c-a&/, Ab-3, Oncogene Science) foUowed by goat 
anti mouse conpigated to horse radish peroxidase. The Uot was subsequently developed 
usoig horse radish peroxidase substrate and hydrogmi peroxide. 

FIG. 15B: bnmunoblot for LT of whole cell lysates of the stable transfectants. 
Blots were probed with anti-LT (SV 40 T Ag, Ab-2, Oncogene Science) and then with 
10 I125n-protein A. Wasted and dried blots were exposed for autoradiography. Lysates of 
BTnie, lane 1; BTn14, bine 2; BEn5, lane 3 and NIH 3T3 ceR fine, lane 4. 

FIG. 15C: Souttem blotting for genomn: oat umq 32P-labeDed 0.4 kb and 0.8 kb 
Bainm fragments (11) from nea cDNA probe to hybridize wfth Ba/rHW digested genomic 
15 DNA isolated from BTnlB. lane 1; BTnl4. lane 2; BEn5. lane 3 and NIH 3T3 cells, lane 
4. Tin rat A7ei^ s|»cific bands are imficated by a triangle. 

FIG. 16 shows tte effect of LT on the upstream regulatory sequences of im and 
epidermal growth factor receptor. One mg of pffwftoRlCAT (lanes 1 and 2) or 
20 pEGFrCAT (lanes 3 and 4) ware cotransfected mto NIH 3T3 ceDs with 10 mg of ptosmid 
encoding LT, pVU-0 (lanes 2 and 4) or with control plasmid, pSV2E (lanes 1 and 3) which 
does not contam LT coding rejpon. Transfections and CAT assays were carried out as 
described previously (Yu et al. 1892). CAT assays were standardized to equal protein 
concentrations of tte cefl extracts. Tte study was repeated 4 tones and experimental 
25 error was within 13%. One representative set of data is shown. 

FIG. 17 shows tte effort of increasing concentrations of LT on tte acthnty of 
tte regulatory sequ«ices of neu. Two and 10 mg of pVU-0 were cotraisfected with 1 
mg of pffwfcoRICAT into NIH 3T3 cells. Tte total amount of DNA transfected was 
30 equal for all reactions, with tte control plasmid, pSV2E, being used to make up a final 
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DNA concentration of 1 1 mg. Lane 4, M, is control CAT assay of extracts from 
untransfected NIH 3T3 cells. Representative data of 3 studies is shown; standard 
deviation was 11%. 

51 FIG. 18A and FIG. 18B show data from serial deletions. 

FIG. 18A: Series deletion-CAT constructs of the rat /»& promoter. 

! 

I FIG. IBB: Mapping of LT rmponifing re^on m thejretr upstream regulatory 

10| sequence u^g tin ami deietron-CAT constructs. Ora of e«:h of tin neu deletion CAT 
constructs were cotransfected mto NIH 3T3 cells with 10 mg of tin LT-producing 
plasntid, pVU-0 (indn^ted by +) or 10 mg of fitter plasnud, pSV2E frndkrated by •): Set 
1, pffflttFcoRICAT; set 2, pffeoTAalCAT; set 3, pwetfft^oRV2CAT; set 4, powfroRVCAT; 
set 5, p»w5ridCAT; set 6, ^euXhiAZhV, M, control CAT assay of extracts from 
15 untransfected NIH 3T3 cells. Each set (set 1. set 2, etc.) of CAT reactions vnth |+) and 
without LT (•) were standardized to eipial protein concentrations. 

FIG. 19 shows gel sfnft assay dononstrating DNA-protein comi^x fomml with 
the Xhol-Narl region of tin neu pramter. The ^^-iafaeiled DNA is the 94 base pair 
20 Xhol-Narl fragnnnt Lanes 1 and 2, nuclear extract fnmi NIH 3T3 c^; lanes 3 and 4, 
nuclear extract from BTn 14 cdl iin. Lanes 2 mid 4 contain apivoxflnately 250-foM 
uidabefed Xho\-Nai\ frapient as specific conqntitor. Lane 5, ^-lab^ed Xh(A4\laA 
fra^nent oidy. Incubation of probe (10^ cpn) with nudear extracts (3i^g) were carried 
out as described (Dynlacht st 1991) and samples were ei«:trophor»ed through a 
25 native 4.5% polyacrylamide gel (80:1; acrytomdediisacrylanBde) contairang 0.5X TBE (45 
mM boric add, 1 mM EDTA, pH 8) for 2.5 tours at 40''C. F intficat^ free probe. 

FIG. 20A, RG. 208, and FIG. 20C show the effect of mutant LT on neu promoter 

acthnty. 
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FIG. 20A: Schematic diagram of LT siwwing Rb faintfing domain (shadad black). 
K1 encodes LT with single anrno acid change (giu 107 to lys) in the Rb binifing domain 
of the 708 amino acid LT protein. 

5| FIG. 20B: Acthrity of (wwXholCAT (with control piasmid pSV2E) and InhitHtion 

I of acthrity in the presence of virild type LT (WT). and mutant LT <K1). One mg 

pimX/MACM was cotransfected with 10 mg of fffler piasmid, pSV2E. or wfld type LT 
' (pVU-O) or mutant LT (pKI). 

j 

lOj FIG. 20C: Effect of K1 on the transfonreng activity of activated mu. One mg of 

c^104 was cotransfected with 2 mg of K1 and 0.1 mg of pSV2neo into Rat-1 cells. 
pSV2E was used as filler piasmid so that a final 5 mg DNA was transfected into cells. 
Cells were split 1:4 48 hours after transf action and dupficate plates were subsequently 
j grown in regular medium (DMEM/F12 plus 10% calf serum) or regular nadiimi 
15! supplemented vnth 250 mg/nd. G418. Foci and G418-resistant colonfes were stained and 
I counted after 3-4 weeks. Results are expressed as ratui of foci to that of 

G418-resistant colonies from each ti^ection to correct for transfection efficiency. The 
I nimdier of foci fnmi transfectmg difeu-yOA alom was set at 100%. 

I FIG. 21 shows liposann-deviated direct gene transfer techraques dlow the 

I defivery of the E1A gene to /lat^overexpressing SK-OV-3 hsmn ovariai cancer cell. The 
tiwBB nuce were each m^cted with SK-OV-3 cdls. Five days latw, the mice were 
injected with (1) E1A DNA only, (2) complex of liposome and Efs DNA Ian E1A frame 
stuff mutant that does not caise active El A to be produced), and (3) complex of 
j liposonw and El A DNA. Booster mjections of the san» conqiositions were given each 
I res|m:tive mouse on a weekly basis for tiie remainder of tiie nraiBe's fife. Mouse 1 
develo|»d extensive Moody ascites and i&d 65 days after SK-OV-3 iiqection. Mouse 2 
dsvelo|»d extensive blood ascites and a large tumor and died 78 days after the injection 
of SK-OV-3 cells. Mouse 3 appeared healthy and was afive 160 days after SK-DV-3 
mjection. 
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FIG. 22 shows the infection efficienqr of adenovirus in ovarian cancer SK-OV- 
3|i.p.). SK-0V-3fi.p.) in 6 well plates (2.5 x lO^^veP) were infected once by Ad.RSV)98al 
at different virusftumor cell ratios. Two days later, ceOs were fixed and staoied with X- 
Gal. infection efficiency - No. of positive ceOs/No. of total cells x 100%. 

FIG. 23 shows a growth curve of SK-OV-SCp.) after treatment by AdEIA in 
ntm. SK OV-SfLp.) m 12 well plates (10^/welI) were infected once by 2 x 10^ 
adniovirus and cell srowtfi was followed for 7 days. 

10 FIG. 24 shows colony formation m soft agarose. SK-0V-3ri.p.) cells were infectwl 

once with adenovirus at a vmis/tunor ratki of 20/1. Afiquots of 5 x 10^ ceOs were 
mixed with 0.35% agarose in DMEM meifiimi and plated over a base layer of 0.7% 
I agarose. Culture n»dium was aflowed to hanten in 6 well i^ates (n-3). Coloiries were 
I stained and counted about 6 weeks later. 
15| 

i 
I 

I FIG. 25 shows tha Ad, El A therajwitM: effect on ovarian cancer SK-OV-30.p.) 

j SK-0V-3ri.p.) (iC/mousa) were in^cted i.p. in female nu/nu mice. Five days later, nnce 
were pren i.p. injection of 0.1 ml of viral sohition (titer 2 x lo" PFUftnO once/day for 
three days, then once/week for 4.5 months. Tl» responses and survival rate were 
20 observed for more ttian one-half year (n-5). 

FIG. 26A and FIG. 26B show in vim Ad.RSV/9gahrodiated transfer of the lacZ 
gene to intraperitoneal SK-OV-Srip.), 26A; and to intratracheal H820, FIG. 26B. 

25 FIG. 26A: Mice were adnmistered intraperitoneal SK-0V-3(i.p.), two months later 

after ttnnor development AdJ)SV)9gal was administered intra|»ritoittaDy. Tionor and 
organs were evahiated for tte presmce of fi^ using X-Gal. The IbcZ gene was 
locafized in tumor cells and only ^ght ;9-gal activity was itetect»l bi mirmal organs. 
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FIG. 26B: Mice were admintstered intratracheaOy H820. Two months later, after 
tumor devetopment AD.RSVySftal was admnustered intravenously. Tumor and organs were 
evaluated for the presence of jS-gal using X Gal. The lacZ gene was localized in tumor 
cells and only slight ^-gal acthfity was detected in some normal organs. 

FIB. 27 shows the sunrival of mice bearing ovarian cancer 2774 after treatment 
by Ad.E1A. Human ovaritm cancer c^ fine 2774 which has low levd expression of HER- 
llneu was injected i.p. into nu/nu nrice (5 x 10^/mou$e). Fnre days later, mice were 
ghren i.p. injection of 0.1 ml of viral sohitton (titen 2 x lo^/nd) once/day for three days, 
then once/wrok for 4.5 months. The responses and survwal rata were observed. 
AD.E1AI+) did not have significant therapeutic effect in 2774. Analysis of the results 
and the data of SK 0V-3(i.p.) wfach has high expression level of W^ THim indicate that 
AD.E1AI+) can specifically Inhibit the growth of tumor which has high expression level of 
HER-2/ffw. 

FIG. 28A, FIG. 28B, and R6. 28 C show a histoinmiunochemical analysis of 
representative histological sections of treated and control mice. 

FIG. 28A: Histological section from intraperitoneal SK 0V-3{i.p.) stained with 
hematoxyfin and eosin. 

FIG. 28B: Expression level of Wm-Tinai PI 85 protein: stained by polyclonal 
antibody against PI 85 with ABC alkaline phosphatase substrate kit Poshhre: red color. 

FIG. 28C: Expression of AD.EIA proton: stained by monodonal antibody against 
AD.E1A virtth ABC ACE substrate kit for horseradish peroxides. Posithre: dark red color. 
Ad.E1A protein was detected in tumor tissue treated by AiE1A(+) w Wko. The 
expression level of Wl^-lineu PI 85 was greatly Inhibited in treated mouse tianor tissue. 
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of the human neu gene has also been shown to correlate with the nionber of axiflary 
lymph nodes positive for metastasis in breast cancer patients fld.). These studies 
strongly suggest that the neu oncogene may play an important role in marignant 
transfonnatHHi and metastasis. 

A- EXAMPLES OF NEU SUPPHgSSIDH WITfl P^a 

The prknary function of the adenovirus El A gene is to actuate other adenoviral 
genes during a pemusshre viral infection by modifying the tost cell transcriptional 
id apparatus, thereby resdting in host cell immortaGzation of transformation by the whole 
adenoviral early region (Berk et at.. 1986). Although both transcriptional activation and 
transcriptional repression of non-adenoviral genes by the El A proteins have been reported 
(Borrefli at a/., 1984; Hen at a/., 1985; Iflfie et ai. 1989; Sassome-Lorsi et a/.. 1987; 
j Stein et al., 1987), tteir functional significance and phy»olo{pcal kiq)act is unclear in 
15 many cases. Interestingly, it has been shown tint exogenousiy added El A g»ie can 
j reduce the metastatic (wtential of ras transformed rat wnbryo fawoblasts IRER cells by 
I actuating the cellular nm23 gene which » a lately cloned and characterized celhilar 
I metastatic suppressor gene (Pozzaati et al., 1888). Additionally, Uie transfected E1A 
j gene has been sKown to repress secreted protease gei^ expression at the transcriptional 
20 level and intuits nwtastasU of Niman tirnior cdls (Liotta, 1989). 

Recently, the present mventors have studied the effects of the El A gene 
products on the (mmrater activity of tto im gm and found that El A protmns can 
repr^ the expres^on of both htmtan and rat n&i oncog^e at the transcriptiondl tevel. 
25 Snce both tte neu gmie and the El A g^ are weB-lmown transforming oncogenes, tl^e 
findings raised an interesting question: Is it |»)ssa)te that the El A protems may act as 
transfonnation suppressor for tte /Tw-transformed cells via transcriptional repression? 
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To address this question, tiie inventors undertook to develop a biological 
functional assay systm in which the effects of ElA could be studied. The ElA gene 
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FIG. 29A, FIG. 29B, and FIG. 29C show representative mediastmal blocks of 
treated and control mice, see Table 3 for details. Arrow: Tunior. 

5i PETAIIEP DESCRIPTION OF THE PREFERRED EMBOniMFUn rs 

i Tl» neu oncogene is a transf onrnng miginafly identified from rat 

neuro/glioblastomas (Shih et aL, 1981). Subsequently, both the activated nBu oncogene 
and its nonnd ceOular counterpart, the normal neu gene, were cloned from rat and human 

D libraries (Barpnarai at al, 1986; Coussens at ah, 1985; Hung at a/., 1986; Yamamoto at 
al., 1986). The nau gene encodes a 185-KDa transnranbrane protein Ipl85) which is 
related to, hut distinct from tl» epidermal growth factor receptor lEGF-r). The nau 
encoded pi 85 and EGF-r have identical gross structural organization mcluding Bgand- 
btnding, transn^mbrane and tntracaOular kinase domams and also share extensive 

5 sequence homology, specificaHy, >80% of the amino adds bi tte tyrosine kmase domain 
I are identical. Recently, the ligand for the //ez^encocted pi 85 protein has been functionally 
identified in rat celb and isolated from Inmian breast cancer cells, which wiB fac3itate 
the better understmiding of the fimction of ti» nau- m:x^i^ pi 85 fmtem in normal and 
malipant cell growth and ctevelopn^nt (Lupu at al., 1990; Yarden at aL, 1989). 

3 

The acthrated nau oncogene cont^ a »ng!e mm add substitution m the 
transmendirane domain and possesses an increased tyro^e kinase acthrity wten 
compart to its nomral coimterpart. Furthemrare, it ims (tononstrat^ that ampfification 
of the nau protooncogene f acetates oncogemc activation by a sin{^ pomt nuitation (Hung 

5 1 at aL, 1989). The human homologue of the rat nau oncog^, also nmned as HER-2 or c- 
erbB2, has b^ shown to be anpBffed/overexpresscd in 25-30% of hunm prnnary breast 
cancers and ovarian cancers IHung at al., 1988; Slmnon at al., 1987). Breast cancer 
patients wrtii nmi overexprossion show a sigmficantiy lower overaD nirvival rate and a 
shorter ism to relapse than those patients without rmu overexpression, suggesting that 

[) nau overexpression may be used as a prognostic factor |ld.). AmpRfication/overexpression 
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was introduced mto the neu transfonned B104-M cells to generate a derivative that 
stably express tte E1A gene products, these ceBs were temied B*E1A cells. The 
transformed phenoty|»s of the parental /7^transfonned B1041-1 cell fine and the B E1A 
cell Ones could then be compared foflowmg injection of each c^ type mto nude mice. 
The foldings dramatically dononstrated that the El A gene proAicts can act as 
suppressors of neu oncogeimimfiated cdl transfonnation and nwtast^. 

The Exanples which follow set forth studies wherwn the mventors demonstrate 
the ability of the E1A gens to suppress jm gene expression {Examfrie I), ami gene- 
lOj n^diated tummgenidty (Example II), nea gene-metfiated metastasis (Exonple III), to 
wpimss t-erbV^llneu expression in hwnan ovarian c^cirmma (Example IV), and gene 
therapy with E1A (Example VIII). Examples V and VI demonstrate suppression of iwu 
with LT ontigwi. WMe \\m% studies are befieved to be exmnplary of the invention, it 
win be appreciated by those of sicifl in the art that many modifications and alterations 
151 may be made in these embodbnents without departing from the spirit and scope of the 

I invention. 

i 

i 

Example I 

I Transcriptional Repression of the b9u 

20 ProtOPBCqqOTO bY Adenovlros S E1A Genu Prodorty 

This Example rriates to studies condtH:t^ by the tnv^ors wKch denumstrate 
that the adenovirus E1A 12S and 13S proib^s are effective bi repres^g tte 
transcriptional activity of tte nmi promoter. bi particular, it b dwnonstrated that the 
25 conservwl repon 2 (CR2) of tte El A protmns are reqirired for reprwaon. Moreover, 
ttese stuifiw intfmated ttet a c^-acting DNA element in tfie upstream region of tte neu 
promoter b resiwnsible for the trans inMiition of tte promoter by tte ElA gene products. 
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1. Materials and Methods 
a. Plasmids 

The recombinants used in this study have bsni descifl)ed. pEIA (Chang at a/., 
1989: Hearing at a/., 1985) is a plasnad ex]nesstng only tte E1A region gene; pE1A12S 
and pE1A13S (Hearing at al., 1985) express 12S E1A protein and 13S E1A protein, 
respectiveiy; pE1Ah)1343 (Hearing at al.. 1985) contams a 2 basaiiair (bp) frameshift 
deletion in the El A cocfing sequences (actenovirus nucleotide sequence positions 621 and 
Id 622); pE1A d1346 (Hearing at al.. 1985) contains an In frame deletion of nucleotides 859- 
907 (48 bp), resulting in the deletion of 16 amino adds inside the CR2 of the E1A 
proteins; pEIApr contains only the El A promoter (499 to +113 relative to the El A cap 
site); pE2A-CAT (Clnmg at A, 1989) is a refwrter plasnni contaiiung E2 early promoter 
fused with tin chloranplnnicol acetyttransferase (CAT) reportw gene; pRSV-CAT is a 
15 reporter (dasmid containing tin CAT gene under tin control of the Rous sarcnna virus 
(RSV) long terminal repeat (LTR); pElB, pE2. and pE3 are plasmitte expressing E1B. E2, 
and E3 genes, respectively. powftoRI-CAT contains the 2.2 kilobase (kb) ret nau 
promoter and upstreem sequences linked to ti» CAT The ddetion mutant of tin 
nau promoter used in this study are described In the legends to RG. 3 and R6. 4A. 
2b pRSV /9-gai contains the RSV LTR finked to ^ galactosidase gene used as an mtemal 
control for transfection efficiency. 



b. Cell Cultures 



25 



Cell cultures were perfomnd as described (Hung et al., 1989; Matin, at al.. 
1984). The Rat-1 and SK-BR-3 ceite were grown ei Dulbecco's nndified Eagte's medhnn 
(DMEM) supplemented with 10% calf serum and fetal calf seium. respectively. 
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c DNA Trensfection 

All transfections were carried out with tte calctum phosphate precipitation 
technique of Graham and Van der EB as nu»fifted by Anderson et aL (Hung et al., 1989; 
Anderson et aL, 1979; Ausubei et al., 1987). In eadi transfectioiv 8 x 10^ Rat-1 ceOs 
or 2 X lO'' SK-BR-3 cells (2 x 10 an dishes) were seeded 24 hours before transfection. 
Total transfection DNA wu kept constant (maxonum, 30 //g) among Afferent samples in 
the smne ex[»riment by adding approximate amounts of carrkr DNA (pSPB4). 

d. CAT Assays 



Cell extracts were prepared 40 hours after transfection. Portions of cefl lysates 
were assayed for K^alactosidase actWity from tte cotransfected pRSV-)9gal piasmid. All 
CAT assays (Gorman et al., 1982) were norma&ed to the mtemal transf«:tion efficiency 
15 control. The CAT assay monitors acetylatfen of I^^CfcHorOTptewcol in cell extracts; 

14 

[*^Cj chiorvnphenicol and its products are separated by thm-layer chromatography (TLC) 
and visualized by autoratSography. Individual s|K)ts on TLC paper were cut, tl^r 
I radioactivities were assayed by Bqmd scintiDation spectrometry, and the relative CAT 
acthfities were cateulated accordingly. Each experiment has t^i reproducibly reined at 

20 I least three tunes and a representative of several studies is shown. 

1 
\ 

i B. Immtinoblot 

I 

SK-BR-3 ^\ lysates virere maib 40 traurs after transfection and inmumoblots 
25 I were perfomied as descrO^ (Matin at al., 1984). Tte mAb-3 monoclonal mitibody 
against the taiman neu gene product - pi 85 protein « was purchased frcm) Oncog^ 
Science. 
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2. Results 

a. Transcriptional Repression of aea by the Adenovirus 5(AD5) El A 
Products 

A DNA septoit of 2.2 kb containing tin it&/ pronwter and upstream sequences 
was fused witli the CAT expression vector to generate the proBfcoRI CAT piasmid. In 
transient-expression assays using Rat i cefls IHB. lA), a cotransfection of pimEeM CM 
wfth pElA. a piasmid expressing ttw E1A gene, led to a sipificant decrease of CAT 
10 activity. Cotransfection with pSP64, a piasmid vector, had no effect on CAT activity. 
To rule out the possibifity that decreased transcription from nea promoters could be due 
to the titration of ceOular transcription factors by the cotransfected El A promoter, a 
deletion mutant, pElApr, which contains only the El A promoter, was cotransfected wrth 
pfflwfcoRI-CAT. Mo effect on CAT activity was observed. A reporter piasmid containing 
15 the CAT gene under the control of the RSV LTR was not ElA responshre, bidlcating that 
decreased CAT expression was not due to a general decrease of transcription by ElA. 

In parallel studies, stimulation of transcription from the E2A transcription unit by 
the ElA products was assayed by cotransfecting pElA and pE2A.CAT (CAT gene driven 
by E2 eariy promoter). The results showed that repression of /wv and transactivation of 
E2A pnmwter occur in the sanw raige of pElA concentration. To see if other 
I adenovirus early genes can repress tin aea promoter, plasmids exinsssing the eariy genes 
I of adenovirus mdividuany were cotransfected wfth pffaaFcoRI-CAT (RG. IB). No change 
I in CAT activity was observed with El B, E2, or E3 alone, indicating the among these 

j 

25 j eariy genes of adenovirus, only the ElA gene could function as a repressor of the nev 
promoter. 
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b. Repression of nea Is El A Concentration Dependent and Requires the El A 
Conserved Region 2. 

To further sttuiy the interactions of El A genes products with tte mi promoter, 
increasing amounts of pEIA were cotransfocted with ^euEcM Zhl in ratios of 1:1, 
2:1, 3:1, and 4:1 (RG. 2A). Inhibition of the gene expression cEmrted by the neu 
promoter was found to be depends on pEIA concentration, and 50% repression cmiid 
be observed et es low as a 1:1 ratio of pEIArpffwfroRI CAT. 

10 The Ad5 E1A ^ne produces two mafor spBced prodturts, the 12S and 13S 

mRNAs, that encode proteins 243 mA 2B9 amino acids long, respectively (Moran 6t al., 
1987). To detemfiiira wtuch El A gene product was r^pons9)ie for the observed 
repression, the san^ studies were performed with recombinant plasmids expressing either 
12S or 13S E1A gene product lpE1A-12S end pE1A-13S). As shown in FIG. 2B and FIG. 
15 20, both the 12S and 13S products were effective at repressing /r^x^ transcription in a 
concentration*dependent manner. 

Tte E1A gene [deducts contem thrro WgHy conserved r^ons; CR1, CR2, and 
CR3 IMoran st aL. 1987; Van Dam et bL, 1989). CR1 and CR2 exist in the 12S and 
20 13S, whereas CR3 is unique to ttm 13S product. Since 12S itself can repress rbu 
effidently, the inventors reasoned that tte CR3 is dispmisabte for transcriptional 
repr^on of neu by El A. 

To further (ocafize wtether tte CR1 or tte CR2 m tte El A protein was required 
25 for efficient refHBssion of neu, parallei stuifes were (mrfommd u^g deletion nnitants 
pE1Ad1343 and pE1Ad1346 (Hearing et aL, 1985). Tte pE1Ad1343 mutant contains a 
2-bp d^tion in tte E1A cotfing sequatce, resulting m a frame shift in all tt^ conserved 
regions of tte El A products and leavmg only tte N-termmal 40 mnino adcb iitact. No 
effect on CAT ectivity was observed wten pE1Ad1343 mutant was cotransfected with 
30 p/7ffitcoR1-CAT. Tte pE1Ad1346 nwtant containing an in-franm deletion, which removed 
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■ 16 ammo acids witfan the CR2 but reserved the CRl, failed to express neu transcription 
(FIG. 2D). The inventors concluded that the CR2 of El A gene products is required for 
efficient transcriptional repression of aeu (FIG. 2E). 

f c Localization of Target DNA Element in the oea Promoter Responding 

I 

to El A Repression 

! 

I To locaGze the DNA element in the /rev promoter that mediates the transcriptional 

I repression by the E1A products, a series of 5' deletion constructs containaig portions of 
Ip the im jmmatw Imked to a functional CAT gene were cotransfected with pElA Into 
Rat-1 cells (H6. 3A). Tte transient ex|vession of tin CAT gene driven by each of these 
promoter fraynents after transfection with control plasmid vector pSP64 or with pEIA in 
a ratio of 1:2 Is shown in FIG. 3B. Only the pwttJirMCAT containing the smallest 
promoter fragment was not repressed by El A. Cleariy the activity of a site within the 
16 StiA-XM restriction fragment Is sensitive to El A repression. This StiA XhfA frapnent » 
sensitive to ElA repression. This SMXhiA fragment Is located between -198 and -59 
with respect to tiie transcriptional start site of im. The inventors conchided that tiie 
target ONA elanent respondmg to El A repression resides mside this 139^>p SttA XM 



20 



d. Evidence for the Invotvonant of Trans-Acting Factorfs) 



To ex«iune whettnr this repression by tin El A prmlucts is a trans-acting 
process, tin mventors attempted to mrave tin represson by coti^ansf ecting a tiwd 
2p reconiinant, \iSP6MStthXfio, contaiidng mily tin StiA XhfA restriction fragnnnt doned in 
pSP64. Increasing amounts of v^PMIStu-Xho. m cotransfections in which transcription 
of poffltficffRI CAT was repressed by pElA, relieved tin repression of neu transcription m 
a concentrationnteinndent manner {HG. 4A). hi contrast no derepresnon was observed 
when pSP64/RI-/i69 conteinmg tin £eoRl Xba\ restriction fragment doned in pSP64 was 
3D coti^ected. the derepression was effective et e 4:1 ratio of pSPMIStu- 
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A»<r|Wfi»£roRI-CAT (FIG. 4A, lane 6), indicating that the StiA Xho\ fragment can 
efficiently com^rate with the neu promoter for the transcription factorfs) invohred in the 
repression of neu by El A. These results confirm that the target for the El A repression 
in the neu promoter is a c« DMA element within the StiA XM fragment of this promoter. 
Furthermore, this repression of transcription may invohre an interaction between the DNA 
element ntd nther the El A products or some cefluier transcription factorsis) interacting 
with or induced by tin El A products. 

B. Repression of Human eea Expression in SK-BR-3 Cells 



Conqiarison of the StiA-XhiA fragnont of rat neu promoter seqt»nce with its 
counterpart s«|uence bi hionan neu pronwter ITal et d.. 1982) reveals >86% homology. 
It was suspected by the mvaitors ti»at tiie human neu gene might also be repressed by 
El A at transcriptional level by way of skidar nachanisms. If this is the case, 
15 cotransfection of the StiA-XM fragmmrt of rat flsff promoter might be able to refieve the 
repression of Nnnan neu mcurred by El A. 

To test tins possaiOity, cotransfectim stucfies were carried out by using as 
recipient cells human breast cancer cell One Sk-Br-3, which is known to overexpress 
20 human neu mRNA and pi 85 proteins (Kraus et el.. 1987). Immijnoblotting studies witij 
SK-BR-3 cell lysates showed that the expression of human neu ^em products, the pi 85 
protein, was reduced by introduction of ElA (RG. 48, cwnpare lane 1 witfi lane 4). 
Cotransfection of pSP64/Rl-A'A» ptasmids with pElA at a 4:1 ratio was ineffectwe m 
removing the represson of p185 expression by E1A, wtnre» cotrmsfection of 
25 ^Z?WStu-Xho with pEIA at the same ratio refieved tfie repression by ElA. 

It is known that tt» maxuraim effidency of transient transfection can reach only 
50% (Chen et el., 1988); the other 50% of nontransfected Sk-Br-3 cells should stiD 
produce high levels of pi 85 proteins, which can result in high background in the ElA- 
30 mecfiated repression of p185. Therefore, the repression effect on tite endogenous neu- 
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encoded pi 85 by transientiy transfBcted El A in the mvnunobiottmg essay was not as 
dramatic as that observed in CAT assays. However, the small difference was detected 
reprodudbly. The best interpretation of the results is that El A can repress human neu 
promoter at transcriptional level by targeting at tte cis-acting DNA element in human nau 

1 

5i promoter corresponding to the StiA XhoX fragnmnt of rat im promoter. 

f. Tha Sequence T66AAT6 H an Important Site for the ElA Mediated 

i 

Repression 

j - 

10| El A has been repcrted to repress enhancer rmdiated transcription activation of 

simian virus 40 (Borrell et at., 1984K polyomavirus (Velcich et aL, 1986), immunoglobulin 
heavy chain {Hen et ai, 1985), and insulin geites (Stein at aL, 1987). Comparison of the 
enhancer sequences of the» gmies reveals a consensus sequwice (shown overieaf), which 
is likely to be the core sequence of the ElA-responding elen^t. 



15 



AAA 

(G)TGGnT(G) 



However, there has been no experkiwntal evictence to support this notion. A sequ«ice, 
20 TGGAATG, that matctms tte consensus seqt»nce has be^ fund in the StiA Xho] E1A- 
respondmg eienmnt oflhsmtnea promoter. An identic^ seipmnce also exists in the 
corresponding region of tte human tm prwnoter (Tal et aL, 1987). It is therefore 
conceivable that tte sequence TGGAATG may be an importwrt target seqtmnce for tte 
ElA-mduced repression. 
25 

To mvestigate tt»s poss9nfity, a lO-mt oligonucleotide (SEQ ID N0:1) from tte 
rat fieu promoter containmg tte sequwice TGGAATG w» syntlmized (RG. 5). TKs 
oRgonucleotide efficiently competed with tte neu promoter for tte transcriptional 
factors(s) invohred in tte repression of aeu by El A, resuttmg m a derepr^sion effect 
30 (FIG. 5, lane 2), wtereas a 22-mer random nontemologous oligomideotide ted no 
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derepression effect (FIG. 5, lana 3). These data provide experimental evidence that the 
20*m8r ortgonucleotide harbors a critol sequmice rm|uired for the ElA-induced inhBsHion. 
Since the sequence T66AAT6 withm this 20^r ofigonudeotide res^es the cons^us 
sequence in the enhancer sequences of other ^nes that can be repressed by El A, it is 
5 ] Skety that tWs 7 hp sequence is the critical sequence that is mediating the El A effect. 

3. Discussion 

Tte foregoing restitts siraw. that in a cotransfection syston. the El A gene 
10 ; products repressed the /m expresston at the trffiiscriptional tevd. It is fiffther 

denwnstrated that tfm represshre effect on nea expression is lost m ElA proAicts when 
part of the CR2 (amino acids 120-136) is deleted. Notably, a structure motif in this 
deleted part of the adenoviral ElA CR2 region is shared among the papovaviral large 
tumor antigens, the v- and c myc oncoprotKns, tte E7 transfomning protms of human 
15 papilloma viruses, and the yeast mitotic regulator DCD25 gem product (Rgge et al, 
1988). This region encoding the shared n^itif is also required by ElA, mum virus 40 
large tumor antigen, and human papflloma vin»es 16 E7 for their spedfic binding to the 
htmian retinoblastoma gene product, RB protein (Whyte et al., 1988; Whyte et al., 1989). 

20 These studies further elucidate the ol^iomicleotitfe sequence n^cfiating ElA- 

induced repres«on in tte upstream region of im promoter. The seqimnce TGGAATG is 
perfectly conserved between rat and \mm nmi iromoter, which b mcBcative of 
functional unportance. in adfition, tKs sequence matches the cons^sus seipience of 
other genes tiiat can also be repressed by ElA at transcriptional level. Taken togetfier, 

25 these fintfings suggest that ttere may be ommion nmhanisms invirfved in tWs type of 
ElA-mediated repression. It has bean profRised tfmt ElA may form a cmnptex wiUi 
ceflular transcription factorfs) and ther^y iradidate the s|»cffn: bmifing of the 
transcription factoits) to oihancer elements that are important for traiscription (Mitchen 
et al.. 1989). identification of the defined DNA seiuences responsible for the ElA- 
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mediatBd inhibition of neti transcription win anow us to identify the transcription factorts) 
invoked in this process. 

The nea protooncoBene is notably amplified in pat^ts with metastatic breast 
cancer. Expression of the El A gene can mWbit experimental metastasis of m oncogene- 
transformed rat embryo ceils. Here, it Is shown that neu transcription can i» repressed 
by ElA products in an estabfished rat embryo fibroblast ceil ine, RaM. Furthermore, the 
mventors have foimd that in SK-BR-3 hunan breast cancer cefis expression of the pi 85 
protein, the human neu gene product, was reduced by introduction of ElA gene. The 
1C derepression effect observed in the cotransfection experiment with the StiA-XhtA fragment 
has demonstrated that tMs reduction of pi 85 protdns is BIcdy (bie to the sbralar 
transcriptional repression mechanisms. 

Exanqila II 

1^ Adenovirus-S E1A Gens Products Act ai a 

Transformation SmwrnMnr of Nea Dneaff niiy 

In Example I, trwiscription of the im protooncogena was shown to be strong 
repressed by adenoviru$-5 El A gene products through the use of a transient transfection 
20 assay. In the present Example, the El A gene has been stably introduced into the fl8^^ 
transformed B104-1-1 cells, to demonstrate that ElA-mediated im repression can 
suppress /7eiHnediated transforming activity. In ttese studies, ceQs that expressed E1A 
proAicts possessed reduced transf ornnng and tunor^enic activity, as evidenced i»ng 
standard assays for each. These resets demonstrated tint El A gene products can act 
25 mgatively to suppress tin transformmg |rfnnoty|ffl of tf» not vm^9, aid is befieved 
to be tiie fffst example of a gene, /la tin E1A gene, that can act m one setting as a 
transfommg oncogene, and m another as a transfomnng suppressor gene. 



3d 



The B104-1-1 cell 6ie, an NIH3T3 transfectant tiwt has approximately 10-20 
copies of mutation-activated genomic n&i oncogene has been shown to be highly 
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; transforming and tuniorigenic (Bargmann et a/., 1986; Stem et al., 1986). For tte 

i 

1 prasent studies, B104-M cells and control N1H3T3 cells were transfected with either 
i E1A plasn^ds expressing adenovirus-S E1A gene, (pEIA), or a derivative (ria^d 

containing only the El A pronwter without the El A coifing sequence (pEIApr). Cells were 
cotransf^d virith pSV2neo plasrreds carrying a rmfunycm resistant marker gene 
(Southern ^ a/., 1982). 

TItt transfections were canried out with the modified calctimi phosphate 
precipitation procedure of Cten and Okayama (1988). In each transfection, 5 x 10^ 
10 B104-M cells or NIH3T3 ceBs (2 x 10 cm (fishes) were seeded 24 hours before 

transfection. Tte cells were transfected with either 10 ^ of the El A expessmg pEIA 
pla^'d DNA or its derivative pEIApr plasmid ONA, along with 1 //g of pSV2'neo plasmid 
DNA (Southern et aL, 1982). Approximately 14 tours post transfrction, cells were 
washed and cultured in fresh n^ium for 24 hours and split at a 1:10 ratio. The ceBs 
15 were tton grown in sd^on meditsn contatmng 500 //gMri of 6418 for 2-3 weeks and 
individual 6418 resistant colons were cloned usmg clonmg rmgs and expand^ to mass 
culture. 

Three kinds of stable transfectants were thus estabHshad: (1) B-E1A 
20 transfectants: B104-M transfectants harbormg tte E1A g^; (2) B-EIApr transfectants: 
B104-1 1 transfectants containing E1A (mmoter sequence, which is used as a control 
cell fine in this study; and (3) N E1A transfectants: NIH3T3 cells transfected vrith the 
El A gene. 

25 Cells cultures were performed as itescribed previous (Htmg at al., 1989; Matin 

at al., 1989). The B104-M cell One and NIH3T3 cefl line were grown in Dvlbecco's 
modifted Eagle's n»diiffn (DMEM) ^pplenwrted witii 10% cdf serun m e himuifified 
atmosphere at 5% COj at 37*C. Tto B-E1A transfectants and N-E1A transfectants 
were grovtm under the same condition witii addition of 6418 (500 ;/g/ml) mto tiie culture 
30 media. 
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FIG. 6 shows the molecular characterization of the representative stable 
transfectants used in this study, employing both Southern blot and nnnunoblot analyses. 
Southern blot analyses were performed essentially by published techniques as previously 
I described (Zhang et a/., 1989). Genomic DNAs extracted from cultured ceils were 
5 1 digested overnight at 37<*C with a 2-fold excess of a restriction endonudease (either 
Eeoftt, Sst\. or BsnAil). Ten jjg of each samfde were then resohred by electrophoresis on 
a 1% agarose gel and transferred to Nytran mnnbrane (Schleicher & Schueli. Keen, NH) 
using a 10X SSC (1.5 M NaCI, 0.15 M sodium citrate). The blotted DNA were 
hybridized under high stringent conditions (68'C) with I^j radioactroe probe (1-5 x 10^ 
CPM //g'b labeled by using Random Primed DNA LabeKng Kit (Boehringer Mannheim 
Biochemicals, Indianapolis, IN). The blots were washed twice for 15 min each in 2X 
SSC, 0.1% SOS at room temperature, and then twice for 30 nun each in 0.1X SSC, 
0.1% SOS at B8°C with constant agitation. The fBters were dried et room temperature 
and then exposed to Kodak X-OMAT" AR fflm at -80°C for 1 to 3 days. 

Imnninoblot analysis were performed basicaHy by iwbSshed techniques (Tovrtiln et 
al.. 1979) as previously described (Matin et al.. 1990). Confluent cells growing in 10 cm 
plates were lysed with RIPA-B buffer (20 mM sodium phosphate, pH 7.4, 150 mM NaCI, 
5mM EDTA. 1% Triton®, 10 //g/ml Aprotinin, 2mM PMSF, 10 //gW Leupeptin and 4mM 
iodoacetic add) and then centrifuged at 10 x y for 20 min at 4"C. The protein 
concentration of the supematants was determin«l by Bio-R«l imtein assay (Bio Rad 
Laboratorws, Riclmumd, CA). 50 //g of each sampte were «ibjKted to SDS 
poiyacryiamide gel electrophoresis (10%) and transferred to nitrocelhilose. The 
nitroceOulose filters were treated vwth 3% nonfat dry rniOc in TPBS buffer (0.05% 
Tween-20®, 138 mM NaCI, 2.7 mM KCl 4.3 mM Na2HP04.7H20 and 1.4 mM KH2PO4) 
for 1 hour at room temi^rature, foflowed by an overnight inoibation at 4*C with primary 
monoclonal antibodies M73 against the El A proteins (a gift of Dr. LS. Chang. Ohio State 
Univ.) or mAb-3 ag^ tf» neu em»ded pi 85 protein (purchased from Oncogoie Sciwice 
Inc., Manhasset NY). After thrre 10 min wastes with TPBS buffer, tte nitrocelhdoM 
was then incidiated for 1 hour at room temperature vinth 1:1000 ifiution of horseradish 
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peroxidas8*conpigated goat anti-mousB irmnunoglobuGn (Bio*Rad Laboratories). The 
I nitroceltuiose filters were washed 3 times in TPBS buffer and were subjected to color 
I develofung reaction with horseradish peroxidase substrate (Kirkegaard & Perry 
I Laboratories, bic^ Gaithersburg, MD). 
5 ; 

i 

j To assure tfmt tte exogenous El A gene or El A promoter DNA had integrated into 

{ the genome of the transfectants, DNA blot analysts with the E1A probe was i^rforn^ 
and the results confirmed tto mtegration of transfected foreign DNA (FIG. 6A). 

I Noticeably, the three B-E1A transfectants studied (B-E1A-1, B-E1A2 and BrEIA-S) 

i 

10 I acquired cfifferent copy nun4ers of the El A germ. hnnrauAlot ctet^rtkm of El A further 

I confimrad that the B*E1A mi N-EIA transfectants actudly produced E1A protmns and 

! the El A protein levels m these transf^ants are lower than tt^t in the 293 cefl fine, an 
establisted cefl line of pronary human mbryond kidney transformed by adenovirus DNA. 

{ (FIG. 6BI. 

^5 I 

To examine if expression of El A can inhibit /feu expression, kranunobiot analysis 
for the /r^encoded pi 85 protein was also performed and tte pl85 proteins were 
virtually imdetectable in all tte trmsfectants using horse raifish fmroxidase detection 
method (FIG. 6C). However, dightly Kgter levels of pi 85 proteins could to itetected in 
20 B-ElA-3 than those in B-El A-1 and B-ElA-2 when the mom sensitive ^^liirotein-A 
detection mettod was used. Since p185 prot^ were bardy (tetectable bi B-EIA 
transfectants, DNA blot analysts for rat im g»ie was conihict^ to make sure that tfie 
neu gene was not lost. As shown m RG. 6D, tte incorporatitm of El A ger» into the 
genome did not alter the neu at tte DNA level. 

25 

Among the three B-EIA transfectants, B-ElA-2 and B-ElA-3 had levels of the neu 
gene that were compar^le to those of tte parental B104-M cefl line; wide B-E1A-1 
appeared to have a lower tevd bw pne. Tius may be di^ to partial loss of tte ubu 
gene bi ttus Bne during the establishment of thb transfected cefl Tte three B-EIA 
30 transfectants shovim in FIG. 6 were chosen for further transformation assay because they 
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represented three different subtypes of B-EIA transfectants: |1) B-E1A1 had fewer 
copies of im gene compared to B104-M and more copies of ElA gene; (2) B E1A-2 
retained the same level of neu as B104-M and high levels of E1A gene; (3) B-E1A-3 
contained the same amount oi imn B104<M. but a low quantity of the E1A gene. 



The transforming phenotype of the om^transfomnd cefls usualiy includes a 
transformed imrphology, non-contact-mhiWted growth pattern, increased DNA synthesis 
rate, anchorage-independent growth and the ability to inihice tumora m nu/nu ntice. To 
detwrnine the effect of E1A ex|»ession on tin transfonmng abiity of /^^transformed 
B104-M ceUs. the B-EIA transfectants as wett as tl» control c^ foes were assayed 
for afl the above mentioned transfomnng parannters using standard protocols. 



Tte results of these studies demonstrated that the higWy transformed morphology 
of B104-M cells was essentially unchanged after pElApr transfection but was markedly 
5 aKered by pElA transfection (FIG. 7). The B-EIA transfectants exhibit non-transformed 
flattened morphology and a contact-inhibited growtii pattern (FIG. 7|. Expression of ElA 
proteins n NIH3T3 cOs did not sigruficantly alter the monolayered morphology. Tte 
residu imficatmi ttet ElA gene prodiMrts could specifically reverse tin trmsforming 
morphology of the /ret^-transfonrod cdis. 

) 

DNA synth^ was also stufied as a nmasure of cell growth, to itetemmie 
wtetter tte B-EIA traisfnrtants were activdy synthesizing DNA as ciHnparmI to 
controls. These studies were conducted through tte use of a l^>thynBdin8 mcorporation 
assay. For these studies, cells were plated in ten replica into 96 well plates at a density 
> of 9 X 10^ ceSs/weil and cultured in OMEM supplemented with 10% calf serum. |^H]- 
I thymidine (1//Ci) was added to each well at time points of 16, 40 and 84 teurs and 
I continuously Incubated at 37*>C for 2 hours. Ceils were then harvested and ceOular DNA 
I were bound to glass fiter fihers. Radioactivities of indhridual samples were counted by 
I SdntiBation counter. Average cpm were calculated frun ten relate sani^. 
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The rate of DNA synthesis, as indicated by [%thynu(fine mcorporation, was 
different among the ttvee B-E1A transfectants (FIG. 8A). B-E1A-1 and B E1A-2 cfisplayed 
a much lower DNA synthesis rate, wh'ch coincided with tteir stower cefl growth rate 
compared to B104-M cells. Tfns ElA-induced decrease in l^Hl-thymidii» bttorporation 
was not as dramatic in the B-E1A-3 ceil ine possibiy ihie to the tower level of the El A 
proteirB. Ttese data suggested that El A protnns can inhfliit the effect of the aeu 
oncogene on DNA syntiasis and cefl growth. 

To test the mfluence of the El A protems on anchorage-independent growth, 
B104-M cells and the B-E1A transfectaits were assayed for tittir abffity to grow in soft 
agar. The abffity of B104-1- cells, B-E1A transfectanb, NIH3T3 cells and N E1A 
transfectant to grow m soft agarose was deteimined as described previously (Matni et 
aL, 1990). Ceils (1 X 10^ cells/plate) were plated in a 24 weU plate in OMEM containing 
10S caH senim and 0.35% agarose (BRL. Gaithersburg, MO) over a 0.7% agarose lower 
layer. The cells were incubated at 37''C for 3 weeks and the plates were stained virith 
/HodonitrotetrazoBum violet (1 mg/ml) for 24 hours at 37<'C and colonies were counted. 

Tltt results of the soft agar stuifias itemonstrated that colony fomiatim by tlw 
E1A transfectants were strikingly reduced compared to that of B104-M and B-E1A pr 
transfectants (FIG. SB). It is noteworthy that the colony formation by NIH3T3 and N- 
E1A-1 FiMS did not vary sipifKoitly. 

Tin nnst stringent ex|»rDnaitai test for nmplasth: behavior » tin diSity of 
in^ed cefls to form tumors in nude mice. Stwfos in mide were conifaicted 
because the examination of El A represson of 0«Hindiat«l tunrnrigmidty 01 itvo was 
considered to be a oiticai test of E1A effectiveness. For comhicting tumorigeniclty 
studies, the B104-M ceBs, B-EIA transfectants, NIH3T3 cells and N-EIA transfectant in 
bg-pln» growth were trypnmzed end washed twice with phosphate buffered saline and 
centrifuged at 250 x ^. The viable c^ were then counted, and 1 x 10^ cells in 0.1 ml 
of phosphate buffered safine were m^cted stdicutaneously mto both tin right and left 
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flanks of 5 to B-week old female homozygous nu/nu (nude) mice (Harlan Sprague Dawley 
Co.) under sterfle conditions. Twnor formation was scored at indicated days as presence 
or absence of a visible tumor mass. Sixteen days after injection, tumor volumes were 
i estimated as the product of three*(&n^onal caliper measwements (longest surface 
5 length and width and tumor thickness). The growth of tinwrs was minntofBd for a 
miranHfln of 16 days and maxhrwm of 2 months. 

Whsn ceils of the parwital B104-M line were iniected sufacutaneously in nude 
mice, solid tumors developed by 8 days after injection; however, the same quantity of the 
E1A transfectants did not form tumors in mub nnce unt9 12-26 days after miction and 
in every case tl» tumors were much smaller than thon from B104-M cells (RG. 9A). 

Although the B-E1A-1 end B-E1A-2 transfectants contained comparable amounts 
of the ElA gene, the B-E1A-1 ceOs did iwt cause timwr develo|»neiTt untS e much later 
tinw. This is probably due to tht lower level of mi gene in this faie. On tl» oti»r 
hand, although both of the B-E1A-2 and B-E1A-3 transfrotants contained the san» level 
of the not gene es BKM-M. the transfomwig suppression effect on B-E1A-3 was not as 
strong as on B-E1A-2. This was Gfcefy due to the lower level of the E1A gene in B-E1A- 
3. Typical results of El A expression on nea mcogene induced tunorigoiicity are shown 
in the photographs in H6. 9B and FIG. 11 A. Evaluated 18 days aft^ injection, animals 
mjected with B104-M cefls were found to bear Imge tumors, wtereas those iiqected 
with B-E1A-2 transf acted c^ had consderably smaPer tianor nodules. As expected, 
control animals injected with NIH3T3 cdls showed no evidence of tuner fonnation. 

Previous stuifies of W3ms' tunwr cdis ami hunan prostate carcmoma DU145 cells 
demonstrated that rnntroduction of chronnisome 1 1 to Wibn's tunor c^ or restoration 
of RB ^e to DU145 ceOs suppressed tumor formation but ifid not altw the ceH 
morphology, growth rate or colony-forming abifity (Weissman et af.. 1987; Boolcstine et 
al., 1990). These data suggest that ^wth rate in culture and tunrari^idty in nude 
mice are separable phmomena. hi the present study, the B-E1A-t end B-E1A-2 cells 
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exhibited slower growth rate and much weaker timtorigenic activity. However, 
suppression of tumorigenicity cannot entirety be explained by their dower growth rate 
and decreased [^HHhymidine incorporation. For example, the B-E1A-3 c^s possessed 
similar pH^thynudine incorporation and cell growth rata as B104-M calls, whOe their 
ttmiorigenic activity was markedly suppressed as weB. Taken together, these results 
clearly demonstrate that uitroductton of the E1A gene into B104-M ceils suppresses all 
the transfom^ng properties of the /r^transfonned cells. 
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Example ill 
Supprttsion of ifoff-Mediated 
Metastasis bv El A Gene Prodacta 

Additional studies were conducted using B-E1A transfectants of B104-M to 
demonstrate that El A products also suppress /m-msttBl^ metastasis. Ttese studies 
employed B E1A transfectants (B-E1A-1 through B>E1A-5) as weH as the negative and 
positwe controls, NIH/3T3 and B104-M, respectively, m e cefl motility, m vitro Invasion 
and an exf^rknentai n^astasis assay. 

The metastasis stutfos were perfomfied essentially as descr&ed by Wexler, 1986. 
Briefly, six-week-dd patimgen>free female nucte mice (Harland) vyere quarantined for 1 
weak and tten used in the studies. Seven to t^ mice/ex|^rm^al groiq) were 
moculated witfi 1 x 10^ cellsfO.I nd in PBS v» the lateral tail vein at day 0. Each cdl 
fine was tfien assessml at two different passage nimibers. UkB were s£H:rifH:ed at 21 
days following mjection and tte nunri^er of lung metastases were determmed by 
inffltration with India mk. Only tho^ hmg nodt^ > 1 nrni In cEameter were counted. 
On further exanination, no extrapulmonary metastases were found. Represmrtative 
photographs Sustrating the gross api^arance of the hings from ttese animals are shown 
in HG. 11B, wMst tf» quantitative data from tiiese studtes are detailed below in 
Table 2. 
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TABLE 2. EXPERIMENTAL METASTASIS ASSAY 



r 

1 Cefl Line 


Traiufected 


1 

Experimentd metntaas 


Freqiienqr 


No. of luig noihdes 
(meantSE) 


2NIH/3T3 


- 


0/9 


0.0±0.0 


B104-M 


im 


9/9 


10.9±10.3 


N-E1A 


E1A 


0/8 


0.0±0.0 


B-mo 


/WV+E1A 


7/7 


9^±7J 


B-E1A-1 


flw+EIA 


0/8 


0.0±0.0 


B-E1A-2 


/Mtf-^EIA 


3/9 


O.aiO.4 


B-E1A-3 


nai*l\k 


0/8 


— — — 

0.0±0.0 


BE1A4 




1/7 


0.1 ±0.4 


1 B-E1A-5 




1/10 


0.1 ±0.4 
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Ttffi effectivemss of El A at mhttnting aeu-mBSaXvA rrotastasis is dearly 
niustratsd m FIG. 11B. Furthennore, tins single result was found to be represoitative of 
the entire study. None of the negative control mice, NIH/3T3 and El A transf acted 
NIH/3T3 (N-E1A), exNIuted metastatic hmg nodules. Hovraver, all of the imsitive controls 
(B104-1-1 and Btiso), exMbitBd nwtastatic nothilss, at a mean frmpiency of about 10 
nodules. In contrast, afl of tin ex|»rBn«rtal foes (B-E1A-1 through B-E1A-5) exhiliited a 
reduced metastatic potential, with a frequency raiding from one to ttvra (out of toi aid 
nine, respecthrely), and a mean number of 0.1 to 0.8 nodules in those ananals that were 
posrthre. Note that two of the ex|»rHnental foes, B-E1A-1 and B-E1A-3, were totally 
free of nntastases. 

An mcrease bi cell motTfty has been shown to correlate with a higter metastatic 
potential Tterefore. a motility assay, wiuch iinasures tin nngration of tin tested cell to 
a chemo-attractant fSironectin or hepatic sinusoidal «uiothe&al c^ conditioned metfia, 
was performed. As shown bi FIG. IDA, all of the B-E1A transfectaits showed decreased 
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iragration rate to different chonoattractants than that of B-neo cell Hne, which are B 104- 
M ceOs transfacted with neomydn-resistant (neo^) gene alone. The N EIA cells also had 
a low migration rate which is comparable to that of NiH3T3 cells. 



25 



Another step in the metastatic process involves mvaston of tissues and basement 
m^ranes. In tfitro mvaston assays also revealed significant differences between the B- 
imo c^ and the B-E1A ceO lines. B-neo ceOs denumstrated a high rate of invasion 
stmBdr to that of B104-M ceOs, wtde the B-E1A transfectants faSed to mvade the 
Matriget. Injection of the B-neo ceBs and the five B-E1A ceR Enes into tte tail vein of 
the nude rmce showed dramatic differences in tte frequendes and romiber of hmg nodules 
(FIG. 10B and Table 2). Two of ttm five B-E1A truisfectants cfid not give rise to any 
expermifflital n»tastatic tun^irs and tte other thr^ B-E1A lines had a very low mcidence 
of experin^ntal nmtastash compared to that of B-n^ ceOs (p >0.01). A$ expected, N- 
El A ceRs were unabte to produce eny metastatic lung nodule. From ttmse results, it is 
evident that El A gene products can reduce tte nwtastatic potential of /7£!£/*transformed 
3T3 cells, possibto by transcriptional repression of neu g^e expression. 

Tt»se results, typified by ttose shown in FIG. 11B, dwnonstrate that El A gene 
products are able to suppress not only tte timmrigenic and transformation events 
mediated by the neu gm» (Exmnple II), but are further abte to suppress n^astatic events 
that are mi n^ated. 

Example IV 

El A Suppresses t-erb^Haea Expression Connected 
with Severe Malhinandes in Human Ovarian Carcinmpa 



Tte present example is directed to studies concemmg the action of El A in 
represdng c-firfrB-2//JW overexpression in SKOVSjpl ceOs and the functions of El A as a 
tumor suppressor gene in c-er6B-2/y7w overexpressing human cancer ceOs. 
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1. Inhibited Expression of c•«lfB•2|0«^ettcoded p1B5 In ElA-expressing 
Ovarian Carcinoma Transfectants 

Tin fM-expressing plasmid was cotransf^d into SK0V3.ip1 cells together with 
the pSV2-0«0 plasmid carrying t)» neomyctn-resistance marlcer gene, thus generating the 
fM-expresstng ovarian cardnoma stabte transfntants. The 6418-resistant dones were 
selected and expanded into cell lines, which were designated iplilA cell lines. The 
same approach was used to select control cell lines, in which the pE1Adi343 plasnads 
containing a 2-base pair frameshift deletion in the E1A coding sequence and producing 
1Q nonfunction^ protein products were introduced mto the SK0V3Jp1 cells to generate the 
ipI.Efs ceO Sna. 

It was posstbte tint sonw of the stable transfectants selected by this 
cotransfection strategy only harbored tin i»oniycin resistmice gene but not tlw El A 
15 gene. Tterefore, to identify those ipLElA transfectants that integrated the El A gmte 
and actually produced E1A (voteins, oreraBioiAit analysis with uiti-EIA antibocfes was 
perfonrad (FIG. 12A|. Two of the ipI.EIA transfectants expressnl nvdtiple sffficies of 
El A proteins as descrtied by Harfow et a/., 11985), whereas the control ipI.Efs cefl Una. 
as expected, did not express El A proteins. 
20 

In this manner, the inventors tlws estabfished two kinds of stable transfectants: 
(al ipLEIA cells Ua SK0V3.ip1 ElA-expressing transfectants), wluch were used to test 
the tumor-suppressing function of E1A; and (b) q>l.Efs cells {t& SKOVSjpl transfectants 
containmg El A franttsKft mutants), which were used as a control cdl line to make sure 
2^ that the changes in transformation phenotypes fif any) In ipLEIA transfectants were not 

'i 

I due to the selection process or to transfectlon of the plasmids and the pSV2-ff«7 gene. 
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As shown herein. El A protdns can rei^ess t-wt&-2}nahmaii^ pi 85 expression 
in tin z-mtMinmi oncogem-transfoniffid N1H3T3 cefls. bi adifition, it is also shown 
harem that El A proteins can decrease the z-atl^Tiiimi mRNA level as well as 
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c•£lnfrB-2//;e<^encoded pi 85 in c-e/6B-2//7fftf-ov8rexpressino breast cancer cell lines. To 
detennine if the expression of E1A in ipI.EIA transfectants can mhibit p185 expression, 
invnunoblot analysis of c-fin&B•2/i7el^Bncoded p185 protein was perfomrod. 

It was found that p185 proteki levds were dramaticany decreased in both the 
ipLEIAI and ip1.E1A2 ceB laies versus the control ipLEfs cell Gne (H6. 12B), which 
expressed an amount of c-«:^2im«^encoded pi 85 protmn cmnparabte to that of tl» 
parental SK0V3.ip1 cefl Ime. Since p185 proteins were dramaticaity reduced in ipI.EIA 
transfectants, DNA blot analysis of the c-«M-2/ostf gene was conducted to ensure that 
the retfaictlon in c-erM-2I^Mi^encoded p185 protein level was not dm to kiss of the 
c-BftB-llnea gene. As shown in FIG. 12C. both the iplilAI and ip1.E1A2 ceil lines 
contained copy numbers of the c-vS^TkBu gem stmiiar to that of ipLEfs cell Bne. 
Therefore, the incorporation of the EtA gene Into the genome of SK0V3.ip1 ceDs did not 
alter the c-erM>-2lnea g«ie at the DNA level. Furthermore, these residts mficate that tie 
£JA can repress the c•fin6B•2//78t^encoded pi 85 imtein expression in ipI.EIA 
transfect»rts. 

2. /a VHn Suppression of SK0V3.ip1 Cell Transfonnation by E1A Expression 

Once the f/^-expressing ipLEIA Bnes were established, the inventors examined 
the effect of El A expressiofl on tin c-enfrB-2/a8iHimexpmsnig ovariwi cancer celb m 
vitro, assessnig growth iffoperties, DNA synthesis rate, and colony formation m soft agar. 
The growth curves of tlra £M-expres»ng ipI.EIAI and ip1.E1A2 ceO bos and nuitral 
ipLEfs cefl %m indicated that El A expression siightty rei&R»d tin growth rate of ttmse 
ovarian cancer cdls verstn tin control ce& (RG. 13A). Merairanent of the DNA 
synthesis rate by [^Hlthymi(&ie incorporation assays revealed that the control ip1.Efs 
cdls had a Ngh level of [^Ithynucfoe mcorporation tiiat was sim9ar to that of 
SK0V3Jp1 ceils and significantly higher than the [^Ithyntidine incorporation in the E1A- 
expressmg ipI.EIAI and ip1.E1A2 ceO lines (FIG. 13B). 



30 



95/16051 



PCT/US94/13868 



I FIG. 13C shows that the cerbB-llneiHiWfBx^fBSsmq ipI.Efs cells exhibited high 

I effidency in forming soft agar colonies, whereas the colony-fomang efficiencies of the 
two ipI.EIA transfectants were strikingly reduced. These data suggested that E1A 
proteins can suppress the effect of the c ar&B-2//?«H)verexpression in ovarian cancer cells 

I and inhibit ceH growth, DNA synthesis, wnA anchoragenndeprntdent growth. . 

j 

I 3. £fA as a Tumor Suppressor Gene for c^/^B*2|ffetf*0verexpressing Human 
I Ovarian Carcinoma SK0V3.tp1 Ceils 

I A critical test for f M-meifiated transfonnation stqspresston function in ovarian 

cancer ceHs is the abifity of EfA to suppress timior formation m mo. Therefore, 
tumorigenrcity assays were perfomwd in mice that were inpcted s.o. with 3x10^ cefls 
from either the fW-expressing ipLElAI and ip1.ElA2 cell ines or the control ipI.Efs 
cell line (FIG. 14A). Ijke mcs given m^ions of tte parental SK0V3.ipl ceBs, mice 
gwen inactions of the control ipI.Efs cells fom^d tumors 7 days after inaction and had 
huge tumor burdens of 3280 ± 1310 mm^ by 80 days postinjection. However, nu/nu 
mice ghren mjections of the same mmAer of ipLEIAI transfectants did not form tumors 
untfl 21-30 days after injection, and their tumor burdens were only 460 ± 170 mm^ by 

I 80 days postmjection. 

Tte tiBUor-suppressing function of ElA was more dramatic in mice ghren 
inj^tions of the ip1.E1A2 transfectants, whfch did not induce tunwrs until 40-50 days 
postin^ction, and 2 of 6 mzB did not itev^p wiy timwr, even at 160 days postinpction. 
The timwr size in the four mice ghren mjections of ip1.E1A2 were 290 ± 220 mm' at 
IK) days |»stinpction. Therefore, these reailts deariy d«Twnstrated that El A can 
suppress the tumorigeruc potential of the ovarian carcinoma SK0V3jp1 cdls. 

i 

It is shown above that SK0V3jpl ceBs, when compared to SK-OV-3 cells, induced 
a Kgher mortality rate and storter survwal foDowing iji. miection into nu/nu mice. To 
detemraw whether £JA expression m SK0V3.ip1 cells could counteract tte effect of c- 
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: erbB-llneu overexpression and reduce the mortality rate, the inventors gave mice i.p, 
I injections of the £/>4-expressing ipl.EIAl and ip1.E1A2 ceD fines and the control ipl.Efs 
i cell line. Mm given injections of 1 x 10* ipl.Efs ceOs developed tumor symptoms similar 
to those described in the previous section; one of the mce died of tumor as earty as 
19 days postinjection, and all of the other mice fed witMn 75 days postm^on (FIG. 
14A). However, ttere was a significant tm:rease in survival for mice ghren m^cthms of 
the £/>l-transfBcted fines versus the parent SK0V3jpl and framesWft-transfectfflit ipLEfs 
ceO line IP <0.01| (FIG. 14B). The resuhs indicated that EfA expression can reduce the 
mortality of nice given .inactions of c-firAB-2/wtf-overexpressing human ovarian carcinoma 
cells. 

4. Discussion 

The inventors have isolated a derivathre cell foe termed SK0V3.ip1 fnrni the 
ascites that develof^d in mice ghren mjections of lumian ovarian carcinoma SK-OV-3 cells, 
j Compared with parental SK-OV-3 cells, the SK0V3.rp1 ceQ fine expresses Mgher tevds of 
c-ff/AB-2/y7W-wicoded pi 85 protein and corresponding exhibits nwre mafignant phenotypes 
detemmied by in ifHro and m mo assays. This association tetwm nihanced 
c erbB-TJnea expression and more severe malignancy is very cons»tent with previous 
studies in which c^erbB-Tlnm overexpression was shown to correlate with iwor proposis 
in ovarian cancer patmnts (Slamon et si,, 1989). 

The inv^tors data provided actual evUence to support tho^ cEnical studies that 
c-ertBUnea overexpression can be us^ as a prognostic factor for ovarian cancer 
patients and that c-erbBUnea overexprresion may play m frnportant role in the 
pathogenesis of certam luiman mafignand^ such as ovarian cancer. Although not 
important to the utBity of tte clamted invention, it wBI be interesting to further study the 
molecular mechanisms and biochemical pathways rnvohred m c^&bB-Tln&f overexf^ession 
and the assodated mafipant phenotype. The recent Wentiffcation and molecular donmg 
of the figands for XhB c-£srftB-2//75tf-encoded pi 85, which can increase the tyrosine 
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phosphorylation of pi 85, wiH enable future direct examination of the molecular 
mechanisms and the biological effects of c-erbB-llnea overexpression in human cancer 
and cancer nwtastasis (Petes at aL, 1992; Hobms at al., 1992; Lupe at aL, 1990; Yarden 
& Peles, 1991; Huang & Huang, 1992; Dobashi ^ a/., 1991). 

The actenovirus El A was originally defined as a transfomning oncogene that 
can substitute for the luyo oncogene and ssnian virus 40 large tmnor antigen gero in tfm 
ms cotransformation assay of prknary enAryo fibroblasts (Land at aL, 1983; Ruiay, 
1983; Weinberg, 1985). As detailml terein, the inventors .have foumi that El A products 
can act as transformation and metastasis suppressors in the mutation-activated rat 
transfom^d nwuse 3T3 cells. In ttus particular example, it is hirther demonstrated that 
the El A gene products effectively repressed t-erb^Hnau goie expression in SK0V3Jp1 
ovarian carcinoma cells, suppressed transf emotion phenotypes m vitro, and reduced 
tiOTiorigenicity and mortafity rate bi mo. These results indicate that the adenovirus El A 
g^ can function as a tumor suppressor ^ne for c-£^B*2/y7a:f-over expressing himtan 
cancer c^s as weH as mhifait tr^formation induced by mutation-activated neu encode 
in rodent cells. 

Since the inventors have previously demonstrated that El A products can 
dramatically mhibit tiie t^^Wiau mRNA tevel and c*fi^B-2to^^mcod^ pi 85 
expression in tumian breast cancer cell lines, and have stown tiiat tfm El A g^e products 
can repress nau gnte expression at the trrniscriptional level by targetmg at a sfrndfic 
DNA el&nent mUmim ^ promoter, it b Qcely tiiat tte reduce p185 expression m 
the iplilA call fines is due to transcriptional repression of ti» overexpressed 
c-wAB-2tew g«ie, which may be one of tte dhrerse moteoilar mwAani^ns that account 
for tlm tmnor suppressor function of El A m SKQV3.ip1 ovarian cancer cells. 
Interestingly, it has tewi shown that adenovirus E1A can rwider hanster c^ fines more 
susceptOile to lysb by natural killer calls and macrophages (Cook and Levm, 1984; 
Sawada at a/., 1985) increased sensitivity to cytotoncity by tunuir necrosis factor in 
transfected NIH3T3 ceOs (Cook at aL, 1989). Therefore, it is conceivable that the tumor- 
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; suppressing function of El A may be partly due to an increased susceptibility to cytolytic 
j lymphoid cells and molecules. 

Recently, El A protein was shown to induce a cytotoxic response that resembles 
5 progranmd cell death (apoptosts) (Rao et aL, 1992), whhh may also contribute to the 
tumor-suppressino function of El A. In adcfitbn. El A has been reported to convert three 
unrelated types of Inmuin cancer cefls aito a nontransfommd state (Frisch, 1991). Tlus 
suggests that El A may also function as a twnor suppressor gene for certain human 
canc^ cefls m which t-ertQ-Tlneu is not overexpressed. It is not yet dear wtmttor 

10 growth signals associated with the c^^bB-llneu^toM pi 85 protein nught be activated 
in these human cancer ceBs and whetter E!A might repress transfomung ptenotypes of 
these human cancer ceBs by blockmg tim signal transduction patiiway associated with 
pi 85 protein via repressing t-eriM-llnea expression; or El A ntfght suppress tumor 
formation through other mechanisms in certain taiman cancer cells. Despte the potential 

15 invohfement of differmit molecular nmchanisms, ttese results clearly ostabBsh El A as a 
tumor suppressor gene for c-£y*B-2iy7^tH)verexpresOTg Inmian ovarian cancer cells and 
mdicate that El A is a potential tterepeutic reagwit for the treatment of these hianan 
cancers. 

20 1 It has been proposed tiiat ttere are ceUular •EIA-Bke" factors that may mrmic the 

function of E1A in certain cefl types (Nebon et s/., 1990). Many common features 
between EtA and c-myc suggest tt^t ttm t-myc gene product may be orm of tte cellular 

i 

j honmlogue of the El A protein. Ttese cmmn hatrnx tndude tfie foSowmg: EtA and 
\ c myc share a smiar structural motif (Rgge and Snrutii, 1988; Rgge et $L, 1988); both 

25 ! EtA and t-myc can transform prunary eniryo fibroblasts m cooperation the res oncogene 
j (Land et eL. 1983; Ruley, 1983); both can bmd specifically to the human Rb gene 
j product the RB protein (Whyte et eL, 1988; Rustgi et el., 1991); both can mduce 
j apoptosis n certam ceil types (Rao et a/., 1992; Frisch, 1991; Nelson et al., 1990; Rgge 
i and Smith, 1988; Rgge at a/., 1988; Whyte et al., 1988; Rustgi at aL, 1991; Evan et 

30 I aL, 1992); and both have been shown to block transfomiation of certain transformed cell 
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Dnw {Frisch, 1991; Nelson et al., 1990; Rgge and Smith. 1988; Rgge et al.. 1988; 
I Whyte et al.. 1988; Rustgi at al.. 1991; Evan at al.. 1992; Suen and Hung. 1991). In 
I adcfition, tl» mventors have found that wnaar to the El A proteins, the cmyc gene 
product can repress c-erM-Zlaeu gene expression at tl» transcription level, resisting in 
reversal of tin /7at^lnduced transformed nwrphology in NIH3T3 cells {Wang et al., 1991). 
Wtether c-myc can suppress the nnlignancy of c-efAB-2/flaH»VBrBxprB$Mng human cancer 
cells is an interesting issue that the mventors propose to exanme. 



£JA can inactivate the Rb tumt suppressor i^na by complexing tin Rb gene 
10 product, Rb protein, and by indusng RB prot«n phosphorylation (Whyte at al., 1988; 
Rustgi eta/., 1991; Evan et al., 1992; Suen & Hung, 1991; Wang et al, 1991). 
Therefore, tin mventors have recently exnnin«l wtntlnr RB nught also regulate 
c-»6B 2}nea expression. Similar to El A, RB can also repress c ertB llneu gene 
expression at the transcriptional level |Yu et al., mi). The rw actlng elonents 
responding to El A and RB are ififferent but only a few base pairs away from each other. 
It wiU be interesting to study further the possibility that El A and RB might interact with 
each other to regulate t-vb^Hneu transcription. 

The El A gem of adenovirus 2, a dose sera type of adenovirus 5, was shown to 
20 reduce the metastatic potential of ^ transformed rat embryo ceQs (Pozzatti et al., 

1988). It was hypothesized that the Ad-2 El A gei» may regulate the expression of one 
or nwre ceflidar pnes that contribute to the nntastatk phenotype and exfrassion of 
nml2, a g^ assodated with low metastatic (Mtmrtial in cert^ cell types that was 
subsequently shown to be elevated m f M-expressing /»i^transformed rat onbryo ceDs 
25 (Steeg et al., 1988). Although the inventors have found that El A can repress 

c-eM-Tlneu gene expression and suppress tie notastatic potential of z-erlA-llneu- 
transfomffid 3T3 ceB, the c-oM-lloeu gene expression tevds in the parents ras- 
transfomied rat oiAryo ceBs and fW-expreswjg /M-transfomied rat enAryo cds is not 
known. Tterefore, it b not clear at this moment whetter repression of c-&^2lnsa 
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geno expression contributes to the metastasis suppression function of EIA in rss- 
transformed rat embryo cells. 

One of the interesting issues on the corraiation betwe^ t-eriM^Wwu 
overexpression and poor cfoicd cuitcom m toman breast and ovarian cancers is whether 
t'BM-lltteu overexpression is the resuh of an aggressive tirnior or has a causative role 
for aggressive timuirs. Tha data presented tmre support a cb^ role for t erb^TUteu 
overexpression m the patiiogmmis of aggres^e tumors. Frrst comparison of the SK OV- 
3 ceil line and tte derivative SK0V3Jp1 ceD fine revealed a (&ect relationship between an 
mcreased c mtB-llim expression level and an ^nced maBgnant phenotype nmasured 
by m vitro and m mo assays. Second, c^^tB-Tlneu expres^on in the £M-expr^ing 
ipLEIA cells was dramatically repressed, and, accordingly, the malignant potential of 
these cells was diminished. Taken topther, ttese observations argue for a causathre role 
of c-ertB'Tlneu overexpression m tim more malignant timrar pattern. Since t &b^'llmih 
overexpressing ovarian tmors may be more maRgnant more aggresshre ttorapy might be 
beneficial to those ovarian cancer patimts whose tumors overexpress t-erbB-llaaU' 
encoded pi 65. 

Example V 

Suppretslow of tha Men Promoter with LT 
1. Materials and Methods 
a. Cell Culture. 

NIH 3T3, B104-M and RaM ceOs v^re nramtatn^ m 5% C02 m Dulbecco's 
m&^6 Eagle's medhrni (DMEM/F-12) supftonented with 10% catf senmi and 100 
lU/mL pemci&) and 100 mg/mL streptomycm. Cells transfmrted witii ti» drug selection 
plasfnid, pSV2n80, were grown in tte above meiSa containing 400 n^/mL 6418. 
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b. Plasmlds. 

The following piasmids have been desofted: aau deletion-CAT constnicte ISuen et 
a/.. 1990). EGF receptor CAT constnict, pERCAT-9 (37), ptasmid encoding activated 
genomic aeu, cNeu-m (Hung et a/., 1986) and control ffflar plasmid, pSV2E (Suen et 
a/., 1990). Two IT encoding piasmids were usad, p2189 or pVU O, both of wHch 
showed similar results. Piasmids pVU O (Seidman et al., 1985) and mutant LT encoding 
piasmids, pKI and pK7 (Kalderon at al.. 1984), wera generous gifts from Dr. Uvingston. 

10 e. Stable TranifMtioni. 

The drug selection plasmid pSV2nB0 was cotransfected with piasmids encoding LT 
into 81 04-1 -1 ceHs. The transfected plates were trypsmized after 48 hours and sp8t into 
I 4 plates and subsequently maintained in media contaoang 400 mg/mL G418. After 3 
15 j weeks, colonies were isolated and estabfished in media containing G418). 

j 

d. Transient Transfections and CAT assays. 

CeHs were transfected using the mo(fified cahaum phosphate precipitation 
20 technique (Chen et al.. 1987). Cells ware harvested 48 hours after transfection and cefl 
extracts obtained by freeze-thawing. For transfections invohring LT, the protein 
concentration was determined usmg an aliquot of the extract. AGquots of extracts 
contaming equal amounts of protein were used for CAT assay (Gorman et aL. 1982). 
Transfections and CAT assays were repeated 34 times and representathre data is shown. 



25 



a. Immunoblotting. 



bnmunoblotting was done as described (Matin et al.. 1990). Confluent cells 
grown in 10-cm dUhes were washed and lysed with lysis buffer and 100 mg protem 
30 was loaded for electrophoresis on SDS-polyacrylamide gels followed by transfer to 
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nitrocellulose. To detect expression of pi 85, btots were incubated with znXhneu antibody 
{c ifeu, Ab-3, Oncogene Science, Manhasset, NY), then reacted with secondary antibody, 
goat anti^ouse conjugated with horse radish peroxidase. The nitroceOuiose was 
subsequently developed with horse raifish peroxidase stdistrate, 4*cMoro-1-napthol and 
hydrogen [wroxide. To analyze Om expression of LT antigwi, blots were probed with 
monodonal antibody specific for LT (SV 40 T Ag, Ab-2, Oncogene Science). Blots were 
incubated with 1 mg/mL [125lfprotetn A. After further washmg, dried btots were 
exposed for autoradiography. 

10 I f. Southern blotting. 

i 

s 
! 

j Genoirac DNA was harvested from cells and digested with BmH\ for Southern 

j blotting as described (Zhang et al.. 1989). Blots were hybricfized using ^^P labeHed rat 
j neu cDNA probe. 



15 



g. Focus forming assay. 



Focus forming assay was carried out as described (Yu ot al.. 1992). Tin cosmid 
done, c/Ve{^104 (Hung et al., 1986), contams 30 kb of acthratmg gemMnc rat 
20 including 2.2 kb of the Aev prmnoter. c/lfetf-104 (0.5 was cotransfected sito normal 
fibroblasts (RaM cells) with 0.1 mg of the drug ntection (daarad, pSV2iKo, and 5-10 mg 
plasmids encot&ig mutant LT (pKI) or control faier pbsnvd, pSV2E Ceb were 
tryp^nzed and spfit into 4 plates 48 traurs after transfection. Two plates were 
mamtained In regular media white tin other 2 (dates were maoitaiind m nteiSa 
25 i supplemented with 6418. For cells kept m regular metOa for 3 weeks, foci of 

transfomnd cells appeared on a background monolayer of nontransformed ceils. 6418 
resistant colonns appeared for (dates maintained in 6418 nmfia. Fod and 6418 
reastant colorues were stained with 1% crystal violet and counted. To normalize for 
transfection efficiency, tin number of foci fomnd for each transfection was divicted by 
30 the nianber of 6418 colonies obtained. 
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2. Results 

a. LT Rsduees ^«IF-Encf)d8d pIBS LbvbIs in Cells That Overexpress 

i piss. 

i 

To test the effect of LT m cells that overexpress neu mtcoded pi 85, piasmids 
encodino LT, pZ189 (driven by the SV 40 promoter), together with pSV2neo (piasmids 
encodinfl the gene for neomycin resistance) were cotrarefected into B104-M cells. 
B104-11 ceils are derived from NIH 3T3 eeOs transfonned by the mutation-ectlvated 
genomic rat bbu oncogene (SWh et a!., 1981; Hung et a/., 1986). B104-1-1 ceils express 
Mgh levels of activated im encoded pi 85, are phenotyplcaHy transfomied (Padhy et al., 
1982; Shih et al.. 1981), highly timwrigenic (Yu et al., 1991; Hung et al. 1989) and have 
increased metestatic potential (Yu et al.. 1991; Yu et al. 1992). Tha LT-transfected and 
G418 resistant Bl 04-1-1 cells were doned after 3 weeks aid 2 cell lines expanded from 
the clones (numd BTnl4 and BTnlB cell fims) were analyzed for expression of LT and 
pi 85. ImmimoblottBig of ceO lysatn for LT usmg anti-LT antibody (SV 40 T-Ag, Ab-2, 
Oncogene Science), showed 2 bands of moleodar weights tess than 111 kd iniBcating 
expression of LT in BTnl4 and BTnlB ceil Ones (HG. 15B, lanes 1 and 2). The bands 
I are probably (Efferent ptosptorylat^ forms of LT, as reported previously (Livingston et 

i 

I al.. 1987). A contnd cefl line, BEn5, was pnerated by trmisfecting B104-1-1 cefls vwth 
pSV2neo and pSV2E (control pla^Tud smrilar to pZ189, contenwig tl» SV 40 promoter but 
lackmg the LT coding region). As expected, BEn5 and NIH 3T3 ceBs do not express LT 
(FIG. 15B, fames 3 and 4). 

The level of oeu encodoi pi 85 fai these Biffis by nnmunoblotting whole cell 
lysates with monoclonal anti-pl85 antibody [i neu Ab-3, Oncograie Science), wrfiich 
recognizes the carboxy ternmus of pi 85 was then analyzed. Tte control ceD Bne, BEn5, 
expresses a high level of rat nai encoded p185 (RG. 15A, lane 3) sinflar to parental 
B104-1-1 ceDs (data not shovim). No pl85 expres^n was detected in the negative 
control cells, NIH 3T3, using this antibody and detection system (FIG. 15A, lane 4). The 
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^ two cell lines Bxpressing LT antigen (BTn14 and BTn16 cell lines) had significantly lower 

i levels of pi 85 expression (FIG. 15A. lanes 1 end 2) compared to BEn 5 cell One which 

1 does not express LT. The expre^on of pi 85 in the LT transf acted cells decreased by 

I approximateiy 60% to 80%. BTnIB cells (RG. 15A & FIG. 15B, laro 1) expressed higher 

i levds of LT and had lower pi 85 expression, suggesting an inverse correlation between 

I LT expression and pi 85 tevd. 

i 

To ensure that tte decrea^d expression of pi 85 was not dt» to decreased copy 
number of rat gnomic hbu oncogene, tto levd of rat neu DNA in these was 
analyzed by Southern blot andysis, Tha tevels of gencmuc rat neu oncogene in tte 
BTn14 and BTnIB cell Bnes {RB. 15C, lanes 1 and 2) were equivaient to that m BEn5 
cell line (FIG. 15-C, lane 3). The parmtd NIH 3T3 ceils used as control does not have 
I rat neu DNA. These studies show that wlmn LT is stably expressed in cells tt^t 
I originally express high levels of y7w-encoded pi 85, there is a resulting decrease in the 
j level of pi 85, incficating that LT, similar to t myc and El A, can repress neu expression. 

b. LT Specifically Inhibits the Haa Promoter 

To determine whatter tte LT witigen mhtbited rat neu expressum at the 
transcriptional leveL tt» effect of LT on the upstream regulatory setpiences of neu using 
transient transfection assays was exammed. Plasmids encoding LT antrg^ (pVU4) or 
pZ189) (Kalderon et aL, 1984) were cotransfected with plasn^ds encodlno 12 kb xzX neu 
upstream regulatory s^p^ces Bnked to a reporter cfdoramptenicol ^etyt transferee 
(CAT) gene (pNeuEcoRICAT) (Su^ et el., 1990) into NIH 3T3 cells. The control plasmid, 
pSV2E, was imd as a filler plasmid to ac^ conc^itratmns in cotransfections. About 
80% inhibition of the 2.2 kb prmnoter ectivity was aclueved by a 10-fold excess of 
LT plasnnd (HG. 16, lar^s 1 & 2). The aihibitory activity of LT was specific to neu 
since the activity of tlw eindenral growth factor receptor regulatory sequence 
(pEGFrCAT) (Jotmson et el., 1988) was unaffected by a similar amount of LT (FIG. 16, 
lanes 3 & 4). In addition, LT ted a dose itependent effect on the activity of the 
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regulatory seqionces of neu as increasing amounts of LT ted to decreased CAT acthrity 
of poffffEcoRICAT <FIB. 17). Thus, LT specificaBy inhibits the activity of the rat neu 
promoter. 

c Rspression of M§u by LT b Madiatsd Through the Xhol Narl Region 



10 



15 



The re^on of tl» 2.2 kb regulatory sequence that responds to LT was 
mapped. To this wid, serws deletion constructs of the neu regulatory sequwice CAT (FIG. 
18A) (Suen et a/., 1990) were cotransfected with plasmid encoding LT into NIH 3T3 
cells. FIG. 18B shows that the CAT activity of each of the /7etHleletion constructs and 
the inhibition of this activity in the presence of LT IpVU O or pZ189). There was a 
70%-80% inhlHtion of tl» CAT acthrity of most of the /7«ff-detetion constructs except for 
jpneuXbaKM and pNeuEcoRV2CAT. In repeated studies, the inventors found less 
repressiwi by LT of these two eonstructe. Overell, tlw activity of all the deletion 
constructs, incfajding pflwXholCAT, were repressed by LT. This indicates that repression 
of neu by LT is mediated through the 94 base pair Xhol Narl region (-172 to -79, 
relative to first AT6) of the rat no/ promoter. 



20 



25 



SI protection studies have iitentifted four transcription initiation sites m the rat 
neu promoter. Thm of them includmg tl» two major sites (at -158 and -147) are 
withfa) 30 bp downstream of the XM site (Suen et a/., 1990). Furtiier deietioRS of 
ruicleotides were made downstresn of tte XM site usmg fla/31 ii{pstion (Yaiisch^erron 
et al.. 1965). However, tias ted to ibamatn: reduction of activity of the i>8& promoter 
(data not shown). This tfte XhtA-NaA repm of neu encnnpassn tiie nsninnmi prwnoter 
of tte rat nmi gene and LT inhSnts the activity of the nraiinHim prwnoter of neu. 



30 



Gel-shift assays indicated that tte 94 base pair XhfA-NaA DNA fragmem 
spedficrfy cnnptexes vwtii proteins in the midear extract of NIH 3T3 c^ (RG. 19, laiie 
.1). Tin complex. A, » detected usmg gels with large pore size (4.5% gels, anylannde: 
bisacrylamide-80:1) winch have been previously shown to detect large DNA protmn 
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complex involvBd in transcription initiation (Dynlacht et a/.. 19911, but not with gek with 
smaller pore size (acrylamide: bi$acryl8mide-29:1) (data not shown). This suggests A is 
a large DNA-protnn complex that may invohre factors in the initiation or elongation 
complex for im transcriptwn. However, miciear extracts fnmi cdls that express LT, BTn 
14 ceil line, also gave a stmSar DNA-protein complex profile in such gel-shift assays (FIG. 
19, lane 3). Thus, the presence of LT in the nuclear extract ifid not affect the mobility 
of complex A. One explanation of tMs b that complex A is already so large that the 
presence of LT (m nudear extracts from BTn 14 cefls) does not create a observabte 
difference in tf» shift. Indeed, complex A is found very near tte top. of the gel and is a 
broad band suggesting the present of multiple types of DNA-protein comptexes. Another 
possibility is that LT has indirect or subtle efforts on complex A at the X/iO'/i/srt 
frapwnt such as a change in ptosphorylation of protem factors or a change in 
confonnation of some factors that can not be detected by gel-shift assays. 

d. A Non-transforming Mutant of LT (K1) is a Suppressor of Kau 

LT and Rb are known to form a protein complex (DeCaprio et a/., 1988) and Rb 
also modulates neu expression (Yu et a/., 1992). therefore, it might be expected that the 
LT-Rb complex is involved m repression of neu. To examine this, an avaflable mutant of 
LT (Kl) was utaized. K1 has a single imuno ackl change withm tin r^ton rupdred for 
Rb binding (amino acids 105-114 of LT) (FIG. 20A) (Kaideron et al., 1984). Kl expresses 
nutent LT prot^ which is unable to comptex Rb (DeCaprio et al., 1988) and Kl is 
defective for transformation as assayed by focus fomwg assay m Rat-1 cells (Kaideron 
et al., 1984; (^rington etal.. 1988). pnevXholCAT together with plasmids encoifing 
wfld type (pVU-0) or mutant LT (Kl) were cotransfected into NiH 3T3 cefls. Surprisingly. 
Kl represses aeu as effectively as wSd type LT (RG. 208). Therefore, comirfex 
formation betwem LT and Rb is no! required for LT-nrediated itai repression. 



Kl, unlike wild type LT, is unable to transfonn Rat i ceBs in focus fonning 
assays (Kaideron et ai, 1984). Therefore, the ebove results raises an interesting 
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question whether Kl may function as a transfonnation suppressor of activated neu in 
RaM cells. To test this possftility, focus fonning assays were carried out to detemime 
the effect of stably transfecting Kl with activated genomic iwu, Tl» plasmid dltel^l04 
encodes the activated genoimc neu wf^ Ins a sin^ point mutation in the 
transmendirane domabi and is imm by 22 kb of /mtr iqistieam reoulatory sequences 
(Hung et al.. 1986). Upon introduction of tNeih\M into normal Rat i fibroblasts, tiiose 
cells that stably express activated nan are transformed and 34 weeks later form visible 
foci on 8 background of normal monolayer ceBs. When Kl was cotransfected witii 
c^eff-104 into Rat i cells. H led to 50% reduction in the number of foci formed by 
10 cAtetf-104 (RG. 20C). Transfection of Kl only does not induce any foci. Suppression of 
/^«^transforming activity with wild type LT (pVU Ol is compRcated by the fact that wild 
type IT itself forms transformed foci in Rat i cells (data not shown) which makes it 
impossible to analyze tin data. Therefore, mutait LTs unable to complex with Rb that 
act as transfonnation suppressors of activated 1^ may te the most cRnlcafiy useful of 
15 tlw LT gme products. 

3. Discussion 

The results of titese studies show that tite function of the ret nai promoter is 
20 i suppressed by the transformmg viral oncoprotein SV 40 LT antigen. This activity of LT 
is similar to tint observed for tite adenovinis 5 ElA and ti» t-myt oncoproteins, witfj 
whom LT shares a few structural and functional similarities but striking differences. The 
inhibitory activity of LT is apparent m tiie LT transfected stable cell Imes which showed 
an inverse correlation of /mv pi 85 to LT protmn expression. Thus, expression of LT in 
25 ceBs leads to reduced expression of neu eittodml pi 85 m ceBs. 

LT inlAits neu by repressmg ti» activity of tie nuninum nmi promoter. Series 
deletion analysis of the upstream regulatory sequences of neu showed that repression by 
LT b mediated tiirough tin 94 bp XhfA NaA region of tiie neu gene, which contains tiie 
30 minimum promoter 30 bp downstream of the A»»l site. This result is unlike that of 
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c myc and El A, since these repress neu through an upstream region of tin regidatory 
sequences of neu. Vm LT meifiates repr^on of m/ through a cfifferent pathway 
compared to c myc and El A. Therefore, these structuraBy related oncogenes repress the 
activity of tt» im promoter by acting through different regions of the regulatory 
sequences of oea. Although the promoter of the eptdermai growth factor receptor and 
the promoter of iieti share some cmnmon featum (Suen et a/.,1990; Johnson et al., 
1988), LT did not inhibit the activity of the promoter of epidermal growth factor 
receptor. Thus. LT specifically affects the immotere of certam growth factor receptors. 

Since LT mediates repression of im through the Xh<A-Nai\ re^on whkh contains 
only minimum sequence u|»tream of the two major transcription rotiation «tes, it is 
possible that LT may modulate transcription initiation or dongation from the nmi 
promoter. LT is known to mteract with ceOuIar transcription factors such as AP-2 and 
abrogate its function (Mitchell at a/., 1987). However, examination of the 94 bp 
sequences within Xh(A Nai\ revealed no motif with significant homology to the AP-2 (Suwi 
era/., 1990). 

Example Vi 
Suppression of A/Srff^edlated 
Pap^r with (,T 

1. Suppression of 4fe<7-Mediated Cancer by LT in Mice 

The inventors are conducting ongoing stuifes of the ab^ties of pKI to suppress 
the growrth and metastasis of /zetHivmxpressing human ovarian cmcer rails (SK-OV-3 
ceils) in female homozygous hu/nu (nude) mice. SK-OV-3 cells express high levels of neu 
and are highly metastatic in mide mice (Yu er a/. 1993). These stuifies invotve treatinent 
of tinse mice urith a Dposomal complex Gposomas comprising ^ds and pKI. pKI 
comprises DNA encoding a non-transfonrang mutmit of LT (Kalderon et al. 1984). Detmis 
of this study are given in Examine VII, 2. 
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' 2. LT Suppression of JI/eo MBiidHBi Cancer in Humans 

The remits obtained using the cell Bnes and animal modeb descr3>ed in this 
appRcation are of the type widefy accepted by those of sicffl in the art as bemg preifctive 
of success in luiman treatment regkrens. indrod, cGnicaJ trials concemmg the use of LT 
j to suppress tte expression of neu in hunans are conten^lated. However, due to 

precautions which are necessarfly attradant to every new phamrncoiticd, the 
j compositions and metiuids of the present tavention have not yet be^ twted in such a 
I clinical setting. Nevertheless, the resirfts presented herein reasonably demonstrate that 
LT will to useful in combating cwicers which exIAit /^overexpression, such as breast 
cancers, ovarian cancers, lung cancer, gastric cancer, oral cancers and prostate cancer. 

One of tte imtial clinical trials to be perf omwd mvolves non-transforming mutants 
of LT, for example Kl. These non transfomang nmtants have demonstrated tte abBity to 
suppress ^r^^nnediated cancers in both cati cultures studies dx^m mo animal model 
studies. Tte use of such nurtants avoids {Kit^tiai probtons with transformation. In 
these clinical studies, Kl will te introduced into tte teman cancer cells to suppress tte 
production of neu. 

Among ttose patfents wto wiH benefit from tfe tterapy Qre those wte^ cancer 
cells express high levels of neu. Tte tevel of im expression in e pven pat^t can te 
detenrened by analysis of biopsy smn|rfes of cancer tissue routine tecteuip^ such 
as immunoWstochwnistry or western blotting. These diagnostic teduuqims are routmely 
j practiced and well known to those of skffl m tte art. 

Targeting of cancerous tissues overexpressmg neu may te accom{d^d in any 
one of a variety of ways. Plasmid vectors and retroviral vectors, adenovirus vectors, and 
otter viral vectors all present means by which to target tusnan cancers. Tte inventors 
enticipate particular success for tte use of lij^somes to target LT genes to cancer cdls. 
In one of tte first series of clinical phase to be p^om^, DNA encoding 
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nontransforming mutants of LT such as K1 wiU be comidexed with liposomes in the 
manner described in Example VII, and this DNA/Sposome ccmiplex will be mjected into 
patients with certain fomu of cancer, such as breast cancer, intravenous injection can be 
used to direct tf» K1 gene to aO ceils, mchjifing those wMch overexpress tm. Directly 
injecting the Bposome complex into tte proxkrety of a cancer can also provide for 
targeting of the cmifrfex with some forms of cancer. For example, cancers of the ovary 
can be targeted by cnjectmg the liposome mixture cfirectiy into the parataenial cavity of 
patients with ovarian cancer. Of course, the potential for fiposomes that are setectivdy 
takmi up by a population of cancerous cells exists, and such fiposomes will also be useful 
for targeting ttu LT gene. 

Those of skin in tte art wtD r^ognize that tte bast treatnmt regm^ for using 
LT to suppress /j^iMnediated cancers can ba straightforwardly determined. This is not a 
question of experimentation, but rather one of optin^zation, which is routindy conducted 
in the nmdicai arts. The m mo studies in nude im^ provide a startmg |K»nt from wMch 
to begin to optmuze tim dosage and delivery regimes. Tte frequmy of in^ion will 
initially be once a week, as was dorm in the nuce studies. However, ttus freqtmncy 
might be optimaBy adjusted frrnn orm day to every two weeks to montMy, depemfing 
upon the results obtained from the initial clinical trials and the n^ds of a particular 
patient. Human dosage mounts can mitiaOy ba determined by extrapolating from tte 
mmvX of LT used m nuce, approxknately 15 //g of plamid DNA per 50 g body weight 
Based on this, a 50 kg woman would require treatnmnt with 15 mg of DNA per dose. 
Of course, this dosage amount may be ac^rsted upward or downward, as h routindy 
done in such treatment [mtocols, de{mding on tte results of tte initial c&ucal trials and 
the needs of a particular pati^t. 
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3. Uposomal Transfection with E1A and/or LT to Suppress mz^Melfiat8d 
Cancers 

One particuiarfy useful way to use El A and/or LT to repress /wtHnecSated 
phenotypes is via the use of Gposomes for carrying the suppressor's DNA mto the 
oncogniN: ceUs. 



Example VII 
Preparation of Uposome/DNA Complexes and 
Prevention of Af^g-Mailietiid Tnmors with the Comnlexet 



1. Preiraration of Liposomes 

Catatonic liposonms which are efficient Uansfectioh reagmts for both the El A 
and LT genes for animal ceUs can lie prepared using the nnthod of Gao et al. 11991). 
Geo Bt al. describes s novel catatonfa: cholesterol derivative that cm be synthesized in e 
single step. Uposomes made of this Gpid 'are reportedly more efficient in transfection end 
less toxic to treated cefls than those made with the reagent Lipofectm. These Epids are 
a mixture of DC-Chol r3)5(M-{N'N'-dimethyl8minoethaneH;arban»yl cholesteroD and DOPE 
Pdioleoylplmsphatidyietiianolanune'). The steps In producing tiiese fiposmnes are as 
follows. 



DC Chol is symhesized by a simpla reaction from cholesteryl ddoroformate end 
N,N-DlnBthytethytenedianMne. A solution of cholesteryl chlorofonnate (2.25 g. 5 nrniol in 
5 ml dry cMorofoim) is addmt ifaropwbe to a sohition of excess N,N- 
Dimetiiytethylenediamine (2 ml, 18.2 mmol m 3ml dry cHorofomil at 0»C. Following 
removal of the sohroit by evaporation, tte residue is purified by rrerystalzatiwi m 
absohite ethanol et A'C and dried m vacuo. Tin yield is a wlHte powder of DC-Chol. 
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Cationic fiposomes are prepared by mixing 1.2 fmo\ of OC Chol and 8.0 tmA of 
j DOPE in chloroform. Tliis mixture is than dried, vacuum desiccated, and resuspended in 1 
I ml sterol 20 mM HEPES buffer |pH 7.8) in a tube. After 24 hours of hydration at 4"C. 

the (fispersion is sonicated for 5-10 nnnutes in a sonicator fonn Gposomes with an 

average diameter of 150-200 ran. 

To prepare a Gposome/DNA comifex, the mventors use the foDowing steps. The 
DNA to be transfected is placed in DMEM/F12 metSum in a ratio of 15 //g DNA to 50 fA 
DMEMiF12. DMEM/F12 is then used to dilute the DC-Chol/DOPE liposome mixture to e 
ratio of 50 /A DMEZM/F12 to 100 //I liposome. The DNA dilution and the fiposome 
«aition are then gently mixed, and mcubated at 37°C for 10 nwwtes. Following 
mcubation, the DNAHiposome complex is ready for injection. 

2. la Vwo Treatment of Ateir-MBdIatBd Cancer Via Liposomes 

Tl» inventors have shown that fiposonn-im(fiated direct gene transfer techniques 
can be employed to obtain El A suppression of yretf-overexpresslng human cancer cells in 
living host. Tl» protocol for tlas study was as foOows. 

Fonala nude nsce 15-6 weeks old) wore given intrapwitoiwal npctNins of SK OV-3 
cells (2 X 10 /100 /yl). SK-OV-3 cells are human ovarian cancer cells that have been 
shown to grow witlun the peritoneal cavity of nude mica. After five days, the nice were 
ghren intraperitoneal mjections of verious compounds. Sonn nsce were ii^cted with El A 
DNA alone, some were mjected with Iposome/EIA DNA complex prepared in the manner 
described above, and soma were injected with Bposome/Efs (an El A frameshift mutant) 
DNA complex. 200 //I of a given compound was m^cted faito a given mouse. After the 
initial injections, injections were reinated every seven days throughout the We of the 
mouse. 
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FIG. 21 shows the resutts of this study. Mouse 1, was injected with El A DNA 
alone and deveto|»d extensive bloody ascites. Mouse 1 died 65 days after the in^on 
of the SK-OV-3 cells. Mouse 2 was injected with liposoim/Efs DNA complex. Mouse 2 
developed extensive bloody ascites and a large tumor and died 76 days after mjection of 
the SK OV-3 cells. Mouse 3 was injected with the Gposome/EIA DNA complex. This 
mouse looked healthy and normal and was stiH afive 160 days after the injection of the 
SK-OV-3 cefls. 

Ttose results hdicate that Gposome^neifiated E1A gene transfer can bUdnt neu- 
overexpressing human ovarian cancer cefl growth. Therefore, it is predictabto that 
li|MisonwHiie(fiated El A or LT pne therapy may serve as a (Mwerful therapeutic agent for 
HEfi-2 Aev-overexpressing human ovarian cancers by direct targeting of El A or LT at tl» 
HER-2 Affi^oncogene. 

The inventors are presently testing the effects of the LT mutant pKI on the 
growth and nntastasis of the tNmtan ovarian cancer cells SK-OV-3 hi essentially tin sane 
manner as used to test the effects of El A on these ceOs. In these expernnents, nude 
mice were intraperitoneally injected with 1 J x 10° SK-OV-3 cells par ml of phosphate 
buffered saline. The foSowmg week, and every week tlnreafter, tte nwe were mjected 
with 15 ^ pKI in sus|»nsion with 1 ^mA BposMn (DC-Chol-containing liposomes 
prepared as previously inscribed). As controls, 5 mice were injwted with SK OV-3 ceOs 
and then aqected with the control plaanid pGEM B|K>sonm w«ry week. Based on tin 
fact that previous data has shown that pKI can suppress iisimducal foci and 
i transcription from the /?«/ gene promoter, it is expected that ti» injected pKI will reduce 
tianor growth of tiie SK-OV-3 cells in the nuce. 

3. Uposonial Tronsfeetlon WHb E1A and/or LT to Treat Humans 

Based on tin results of the m mo vxmA studies dBscr3)ed above, those of skiD 
in the art understand and predict tin enormous potential for human treatn^ of neu- 
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meifiated cancers with El A and/or LT DNA complexed to ^somes. Clhucai studies to 
demonstrate these affects are contemplated. One set of such studies is described in 
Example VI, 2. where crmical trials invohring the use of LT conqilexed to ftimomes are 
described. El A or any other im-tappmmq goia proAict may be conqilexed with 
Eposwnes and employed in tunnan stuifos m a manner simflar to that descrfiied for LT. 
These cbiical trials are anticipated to show utffity of LT. El A, and other /Mtf-supprasMng 
gene products for the treatment of /wiHiverexpressing cancers m hunans. Dosage and 
frequency repnes wffl initiaHy be based on the data obtained from ki mo ainnal studies, 
as was described in Example VI, 2. . 

Example VIII 
Adenoviral El A Gene Therapy of 
Homan Cancan Eirpr^i no Hinh LbvbIs af PI 85 

The present example provides for tin mtroduction of tha E1A or LT gam for 
treatment of tnmian cancers expressing hgh tevds of PI 85. Tins may be acNeved most 
preferably by introduction of the desired gene through tl» use of a viral vector to carry 
either the El A or LT s«|i»nces to effkkntiy mfect the tuiwr, or preturorous tissra. 
These vectors will preferably be m aitenovnrd, a retroviral, a vacdma viral vector or 
adeno-assodated virus (Muroxacho et aL, 1992). These vectors are praferrad because 
they have bent succassfuDy used to defiver desired setprau^s to cdls and tnul to inve a 
Mgh infNtian efficiency. Tin inventors have conihicted stwfies showing timt native ' 
adenovirus can be employed to transfer the E1A pne m accordance vnth tl» mvantion. 
However, a particularly preferred type of ntenovinis is tin group of repBcation-deficfant 
adeno viruses. 

The HER-2/neu oncogene encodes a MW 185,000 epidermal growth factor 
receptor-related trananendirane imtrai (pl85) with mtrinsic tyrosine kinase acthrity. 
Overaxpression of tl» normal human HER-2J^eir protooncogww, wWch can also lead to 
Wgher overal tyrosine kmase acthrity, is a frequent event m many ty|»s of Iwman 



^095/16051 PCr/DS94n3868 

i 



•87- 

cancers, includinB cancers of the breast, ovarian, lung, uterine cervix, stomach and colon 
cancer, for example. Correlation between the overexpression of and the 

mviiet of lymph node nwtastases m breast cancer patients and decreased survival in 
both breast and ovarian cancer patients has been reported. The present Inventors have 
shown m the previous examples that adenovirus 5 E1A gene product can repress HER- 
llnai oncogera expression and suppress the tunorigenic and metastatic potential of 
activated rat im oncogene-transformed mouse 3T3 cells. Introduction of the El A gene 
into the hunan ovarian cancer cell line SK-0V-3(i.p.), wMch has enhanced expression of 
HlH TIneti, restdted m reduced mafignant phenotypes kivhnmAm mo. Those data 
10 j mdicated that the El A gem can be considered as a tumor «tppressor gene for HER-2//r«/ 

i 

overexpressing human cancer ceBs. 

Replication-deficient adenovirus represmts a ^ne iteGvery system that should be 
able to efficiently transfer an exogenous gene directly to tumor cells m vhm. Unfike 
15 vectors that require target cell repTHration for gene transfer, such as retrovirus winch can 
only infect proRferating ceDs, adenovirus can transfer genes into both proGferating and 
non-proliferating cells. The extradvomosomat tocation of adenovina m the cells (non- 
integration) itecreases the chance of activating cellular oncogenes. A high titer of 
adMovirus is easily produced and purified. RepficationKleftcient admovirus containing 
20 El A was constructed by E3 and E1B deletion mutant (E1B and E3 is retpiired for 

adenovirus repTication), control virus was constructed by adtfitionai E1A deletion nwtant. 

The present example provides for the transduction of r^iBcation^ficient 
adenovirus contraiing El A gene (Ad.E1A(+|l into human cdls «t KnCro and a> mv. Timior 
25 suppressor gene El A was efficiently transduced aito human ovarian cancer cdl SK OV- 
3ri.p.) ceOs by Ad.E1A(-i-) mntmanimmo (FIG. 22 and HQ. 26). Up to 100% of the 
cells can be mfected at nther the virus/tumor ratto > 50/1 or at lower ratios virith 
multiple mfections. Tumor growth m vitro (FIG. 23) and colony fomiation alttfity in soft 
agarose (FIG. 24) were greatly inhibited by Ad.E1A(-i-). SK 0V-3(i.p.) (10^/mouse) was 
30 transplanted mto the peritoneal cavity of nu/nu nvce. Fhre days later they recened an 
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i intraperitoneal injection of viral solution (titer 2 x 10^ PFU/ml) from either Ad.E1A(+), 
Ad.ElA| ), or Just PBS for 3 days, followed by once/week for 4.5 montt«. Clinical 
observation and survival rates showed that Ad.E1A(-^) significantly prolonged the survival 
time of the nnce and some mice were kept tunor fm (FIG. 25). Histoonramochonical 
analysis indicated that Ad.E1A protem was expressed In tumor tissue after gene delivery 
m mo and expression of hlMlneu PI 85 proton was greatly suppressed (R6. 28A, FIG. 
28B and FIG. 28C). 

The ovarian cancer ceH fine 2774, widch has a very tow level of expression of 
HER-2//7etf P185 fm\m, was also tested for the thera|»utic effect of Ad.E1A(-i-) 
(FIG. 27). ResutU showed that Ad.ElA(+) can not wgmficantly prolong the survwal rate 
of the 2774 cefl line, indicating that Ad.ElA(+) specificaHy targets P185 high expression 
tumor ceils. 

i 

An orthotopic htrnian hmg cancer modd in nu/nu mice was used to study ttra 
effect of Ad.E1A(+) on tionor growth of tnanan hmg cancer cefl 6ne NCi-H820 expressing 
a high level of P185 ai mo. Mouse tunor ceHs (5 >c 10^), were inoculated 
Bitratracheally. Five days later, nnce were treated by mtratracheai mstiation of viral 
solution Ititen 2 x # PFU/m!) of Ad.ElA(+). Ad.ElA(-). or PBS. followed by once/week 
i.v. nqection treatnnflt for 2.5 mmiths. At autopsy, more tinn M% of control mice but 
only 20% of treated irace bad tunors as shown in Table 3 sid RG. 29A, R6. 298 and 
FIG. 290. 
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TABLE 3. THERAPEUTIC EFFECT OF AdEIA 
ON LUNG CANCER H820 IN NU/NU MICE 





Ad.E1A(+) 


AiLEIAI-) 


PBS 1 


No. mice with 
tumor/total (%) 


1/5 (20%) 


4/5 (80%) 


5/5 (100%) 


Mean vohaiw + 
SO (cm^ 


0.31 


0.59 0.29 


0.43 + 0.27 



Human non-stnaB ceD lung cancsr ime NCI-H820 tliat has high expression of HER-2/ffw 
was injected intratracheaily into mi/nu mice (5"x 10^/mouse) via a tracheotomy incision. 
Five days later, the mice were treated once with intratracheal injection (0.1 mi) of either 
PBS, or Ad.E1A(.), Ad.E1A(+) (Viral titer 2 >c 10^ PFU/ml). followed by weekly i.v. 
Injection treatinent for 2.5 months. Then, mediastinal blocks were removed and tumor 
volume was calculated. The results indicate tiwt Ad.E1A(+) can prevent the growth of 
htman hmg cancer cells tmpl«ited ortiiotopicaity in nu/nu mice. 



Frwn the above data, it rs ctear tint the adenoviral gene dafivery system is 
effective and that Ad.ElA(+) has a tiwrapeutic effect on HUiHiwu expressing human 
ovarian and lung cancer tumors. 



Wl^ tiie compo«tions and metitods of ti«s invmtion have been described m 
terms of preferred onboi&nents, it wiii be apparent to those of skBI m the art that 
variations may be appintd to tin compositian, metiiods and in tin steps or m the 
sequKice of steps of tin metiwd described herein witfwut d^artotg from tin concept 
spirit and scope of tin invention. More spedfically, it wOl be appamit tint certain 
agents which are both chemically and physiologicaBy related may be substitiited for tin 
agents described hnein while tin sain or simaar rKults would be adseved. Ail such 
similar ndistitiites and moiBficatk>iB apparmt to those skied m tin art are draned to be 
witirni tin spirit scope and concept of tin mvention as defined by the appended claims. 
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10 TELEX; 79-0924 

i 

i 

I (2) INFORMATION FOR SEO ID NO: 1 
5 

(i) Sequence characteristics: 



(A) Length: 20 base pm 

(B) Ty|»: nudetc add 

(C) Strandedness: sin^ 
(0) Topology: linear 



10 
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(ii) Molecule Ty|»: oligonucleotide 

(xi) Sequence Description: SEQ ID N0:1: 



TCnOCTGGA ATGCAGnOG 
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CLAIMS: 



1. An LT gene product for use m a method for suppressing iteu oncogena^ediated 
transformation of a cefl, the method comprWng mtroducmg a transformation suppressing 
amoimt of an LT gene product into such a c^ in a manner effective to suppress an 
oncogenic phenotype, as inificated by a reduction in transforming, tumorigenic or 
metastatic potential of the cell. 

10 

2. The gene product of clakn 1, wterein tte LT gene product is an LT mutant. 



3. The gene product of claim 2, wterem the LT mutant is a nontransforming mutant. 

15 ' 



4. The gene product of claim 3, wterein the nontransfonning mutant is Kl. 



20 5. Tte gene product of daim 1, whermn tte LT gene product is introduced mto the 
cell through the introduction of an LT gei^. 



6. The gene product of claim 5, wterwn tte LT gene comprises tte LT gene and its 
25 associated control seqtmnces. 



7. Tte gene product of daim 5, wterein the LT gene is located on a vector. 
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8. The gsne product of claim 7, wharein tin vector comprises a plasmid vector. 



g. The gene product of claim 8, wherein the {riasmid vector is pZ189, pVO-0, pKI or 
5 \ pK7. 



10. The gene product of claim 7, wherrai the vector comprises a viral vector. 
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11. The gene product of daim 10, wherein tte vector comprises a retroviral vector. 



12. The gene product of ctahn 5, wherein liposomes are used to introduce the LT 
gene. 



13. Tin gene product of daim 12, winrein the liposomes emquBe DOTMA, DOPE, or 
DC-Chol. 



14. The gene product of daim 13, wherein tte Bposome conyrises DC-Chol. 



15. The g«ie product of dafan 14, wherein the iposonw comprises DC-Chol and 
DOPE. 



16. Tt» gene product of daim 1, wherein tie gene product is mtroduced mto a cell 
of a multiple cellular organism. 
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17. The gene product of claim 16, wherem the multicellular organism is a marranal. 



18. The gene product of daim 17, wherein the gene product is introduced through the 
introduction of an LT gene associated with a Rposome mi the liposome is in^cted into 
the manmal. 



10 : 19. Tte gene product of daim 18, wherra the fiposonw h injected c&ectly into a site 
c(miprising ceRs in need of suppression of ami oncogene-mediated transformation. 



20. Tte gene product of dann 17, wherein tte mammal is a hmnan. 

15 

21. The ^ne product of daim 17, wterein tte oncogenic phenotype cells fomn a 
cancer in said mammal. 

20 ^ 

22. The gene product of daim 21, wtmrein tte cancer is breast cancer. 



23. Tte gene product of daim 21, wterein tte cancer is ovarian cancer, 

25 

24. Tte gene product of daim 1, wherein tte tumorigenic potential of tte ceO is 
suppressed. 
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25. The gens product of claim 1, wherein the nnetastatlc potential of the cell is 
suppressed. 



26. The gene prodirct of dami 1, wherein the LT gene product ainl an E1A g^ 
product ere introduced into such a cell. 



27. The gene product of dam 26, wherein the El A gene product b introduced 
10 through the introduction of an El A gene. 



28. Tte gene product of claim 27, wherwn the El A g«ie comprises associated 
control sequences. 

15 

29. The gene product of claim 27, wtwrem El A gene is located on a vector. 



20 i 30. The gene product of claim 29, wherein the LT ^ and the El A gene are on the 
same vector. 



31. Tim gene product of claim 29, wterein the vector comprises a (rta^iml vector. 

25 ' 



32. The gene product of claim 29, wf^rem the vwrtor comprises a viral vector. 



30 33. Tfffl gene product of daim 32, wherein the vector comprises a retroviral vector. 
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34. The gens product of clann 26, wherein the El A gene product comprises the El A 
12S or the E1A 13S gene product. 



35. The gene product of claim 27, wherein the ElA gene comprises the E1A 12S or 
tiie E1A 13S pne. 



36. The gene product of clami 35, wherem tiw El A gene comprises tfn E1A 12S and 
tin E1A 13S gene. 



37. The gene product of clann 26, wherein the tunorigenic potential of the cdl is 
suppressed. 



38. Tt» gene product of dean 26, wherein tin metastatic potential of the cefl b 
suppressed. 



39. A /w&-suppressing gene DNA/fiposonn comptex for u% m a method for introduraig 
a /7a^suppressing gme product into a cell. 



40. The DNA/Iiposcme complex of claim 39, wherein the Bposome comprises DOTMA, 
DOPE, or OC-Chol. 



30 



41. 



The DNA/Tqiosonn complex of claim 40, wherein the Gposome comprises DC-Chol. 
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42. ThB DNA/liposoma complM of daim 41, wbsnin the fiposome comprises DC Chol 
and DOPE. 



43. The DNA/liposome complex of daon 39, wherein the DNA/fiposome complex is 
used In a method for introducmg the /»^^suppresstng gene product into a muitqrie cellular 
organism. 



44. The DNA/liposome complex of daim 43, wherein the multiple cellular organism is 
a mammal. 



15 45. The DNA/liposome complex of daim 44, wherein the mammal is a human. 



46. The gene product of da&n 44, wherein the DNA/liposome complex b adnmistered 
to the manvnal by mjection. 
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47. A composition comprismg a iposimid compisx of a 6|nd and a DNA sepient 
mcoding a /7fii^»jppressing gene. 



48. The cmnposition of daon 47, wterdn the yxev-suppressing gene is an LT ^le. 



49. The cmnposition of d^ 48, wherrai the LT gmie encodes an LT mutant. 
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50. The composition of daim 49, wharnn the LT mutant is a nontransfonnino mutant. 

51. The composition of claim 50, wherein tin nontransfomnng mutsit a K1. 

52. The conpositHin of daim 47, wherein the Aev-suppres^g gene is an El A gene. 



10 



15 



20 



53. The composition of dam 52, wlwrein the ElA gem encodes tin E1A 12S or 13S 
gene product. 



54. Tha composition of daim 52, wherdn tte E1A g«ie oicodes the E1A 12S and 
13S gane products. 



55. The composition of daim 47, wtnrein the Epid comprises DOTMA, DOPE, or DC- 
Chol. 



25 



30 



56. Vm composition of claim 55, wherein the Bpid cwnprim DOPE. 



57. Tte omiposition of daan 55, wtmrmn the fipid comprises DC-Choi. 



58. Tte composition of damt 57, wherein the G|Nd connirises DC Chd and DOPE. 
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59. A kit comprising, m a suitable container means, a compositiQn cwnprising a 
Bposomal comptex of a fipid and a DNA sepnent encoding a /xw-suppressing gene. 



60. An El A gene-containmg admiovinis for use in a nmthod for supprassing im 
onco^imnadated transformation of a caU, the method cnnprismg introthtcmg a 
transfomwtion supprassing anwunt of an ElA-containing adenovm into such a c^ in a 
manner effective to suitress an onco^nic ptenotype, as indicated by a reduction m 
transfonning, tumoriganm or metastatic iratentiat of tha cefl. 



61. The El A pne-contaming adenovirus of claim W), vrtierein tte adenovirus is a 
replication-deficient adenovirus. 



62. The El A gwie-contaming adenovirus of claim 61, whermn tte repBcation deficient 
adenovirus is tte Ad.E1A(-4-| adenovirus. 



20 63. Tte El A gene-contaimng actenovtrus of claim M, wteretp the El A gene comprises 
associated control sequences. 



64. Tte El A gene^ntaining adenovirus of cl^ 60, wherein El A gene Is located on 
25 a vector and tte vector is mtroduced into tte adenovirus. 



65. Tte ElA gene-contammg ad«iovin» of claim 60, wterein tte ElA gene encodes 
tte ElA 12S or tte ElA 13S gene product. 
3d 
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! 
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j 66. The El A gene-contaming adenovirus of claim 65, wherein the El A gene encodes 

i 

the E1A 12S and tte E1A 13S gene product. 



67. The El A gene-comaimng adenovirus of clami 60, wherein the tumorigeiuc 
potential of the cefl is supprmed. 
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68, The El A gera-containing adenovirus of clami 60, wherein tte metastatk: potential 
of tte ceil is suppressed. 



69, The ElA gene-containmg adenovirus of clakn 60, wherein the E1A gene-containing 
adenovirus is mtroduced into a ceU of a multiple cellular organism. 



70. The El A gei^containing adenovirus of daim 69, wherein the multicellular 
organism is a msnmai. 



71. The E1A gene-containmg admu)virus of claim 70, wherem tte manmial h a 
tumian. 



72. Tte E1A gene-containing ad^ovnus of dasn 70, wterem the oncopnic 
phenotype cells form a cancer in said manmal. 



j 73. Tte El A gene-containing adenovirus of daim 72, wherein tte cancer b breast 
30 1 cancer. 



I 
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74. The El A gene-contaoimg adenovirus of daim 72, wheiwn the cancer is ovarian 

i 

I cancer. 



75. The El A gene-contaoiing adenovinn of claim 72. wherein the cancer is hing 
cancer. 



10 76. The ElA gera-cmtaimng admovirus of daim 60, whereni the ElA goie-contaming 
adenovinis further comprises an LT gene. 



77. The ElA gene^ntainmg aitenovirus of clami 78, wherein tlw LT gene is an LT 
15 mutant gene. 



78. The ElA gene^rnitaning adenovmis of daim 77, wherein tl» LT mutant ^e is a 
nontransfomntg mutant gene. 

20 

79. The ElA gene-containing adenovirus of daim 78, wherein the nontransformino 
mutant gene b a Kl gene. 

25. 

80. The ElA gene-containing adenovmis of daim 78, wtnreai the LT g«ie comprises 
the LT gene and its associated control sequences. 

81. The ElA gene-containing adenovirus of daim 76, wherein the LT gene b located 
30 on a vector and the vector is introduced mto the adenovirus. 
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82. The El A genB-containmg admovinu of claim 81, wlwrem ttw vector a pZIBS, 
pVO O, pKI or pK7. 



83. The El A gena-cont^ino aitenovirui of daim 76, wheron the adenovmis a the 
Ad.E1A(-t-) adenovirus. 
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FIG. 17 
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FIG. 18A 
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